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SUMIVIAR 
This thesis is written in seven chapters; the results 
are discussed in six chapters and are prefaced by an intro-
ductory chapter. 
The initial object of the project was to synthesise 
nitrogen heterocyclic analogues of anthraquinone, azaanthra-
quinones, and to compare their reactions with those of the 
corresponding anthraquinones. It was therefore undesirable 
to use highly substituted compounds but attempts to prepare 
the parent azaan -bhracences by double cyclisation procedures, 
using phenylenediamines and -dicarbonyl compounds, met with 
little success and oxidation of an azaanthracene obtained 
resulted in degradation of the molecule. 	The factors 
affecting the orientation of the cyclisations are discussed 
and a possible mechanism for the reactions of pyruvic acid 
with phenylenediamines is proposed. 
The acylation of pyrroles with phthalic anhydride was 
investigated but poor yields of the azaanthraquinones were 
obtained. The reactions were re-investigated using acetic 
acid as solvent. 
A possible alternative route to azaanthraquinones 
using ethylenediarnine and 1,4-naphthoquinone led to an investi-
gation of the reactions of 1,4-quinones and bidentate nucleo-
philic ligands. 	It was shown that the initial substitution 
was at the C=C bond but that the resultant cyclisation was at 
the carbonyl group. These reactions were extended to sub-
stituted anthraquinones and linear, angular and meso 
cyclisations were observed. 
The original aim of preparirg azaanthraquinones was 
pursued via azanaphthoquinones. An interesting chlorination 
reaction was observed using sodium chlorate and concentrated 
hydrochloric acid and this reaction was extended to anthra-
quinones. A study of the reactions of some of the chlori-
nated products with bidentate nucleophilic ligands was also 
made. 
The easiest route to azaanthraquinones is by a dipolar 
addition to 1, 4-naphthoquinones. 	Benz[f]indazoie-4, 9-dione 
was methylated and the structures of the products were deter- 
mined by n.m.r. spectroscopy and mass spectrometry. 	An 
attempt was made to correlate the product ratios for alkylation 
with the a-electron density values on N-i and N-2, as calculated 
by the CNDO procedure. The application of the CNDO pro- 
cedure was extended to anthraquinone and substituted anthra-
quinones. 	Electrophilic substitution and the reactions, of 
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The synthesis of alizarin from anthracene by Graebe 
and Liebermanri in 18681  and the elucidation of 
relationship between anthracene, anthraquinone 
by the same investigators, may be said to mark 
of a new era in the study of anthraquinone and 





d by Laurent 
by the oxidation of anthracene with nitric acid4 and subse-
quently by Fritzsche by oxidation with chromic acid, 5 little 
interest was attached to this compound until Graebe and 
Liebermann's paper. 	This soon led to the technical production 
of synthetic alizarin and stimulated research to such a marked 
degree that today we may with propriety speak of an 
"anthraquinone chemistry". 
The quinone-like character of anthraquinone was first 
clearly recognized by Graebe and Liebermann who showed that 
it bore the same structural relationship to anthracene as 
benzoquinone did to benzene. 6 The name "anthraquinone" was 
first proposed by these two investigators. The generally 
accepted diketo formula (1) for this compound was suggested 
by Fittig. 7 
X-ray examination of anthraquinone crystals has shown 
that the molecule is planar and has the bond lengths and 
angles shown in fig. (2). 8 	, 
The areas of selective absorption in the ultra-violet 
spectrum of anthraquinone are characteristic and the ultra-
violet region is not greatly affected by substitution, 
electron-withdrawing groups having negligible effect. 
ç:o 







Electron donating groups show their greatest influence in 
the visible region, the long wave quinonoid absorption being 
influenced and bathochromically shifted. The effect is par-
ticularly marked with a-substituents, especially if they are 
chelated to the adjacent carbonyl groups. 	Consequently the 
poly -hydroxy and poly a-aminoanthraquinones are highly 
coloured and provide the chromophore on which many dyes are 
based. 9 ' 1° 
Anthraquinone was first prepared synthetically from 
o-benzoylbenzoic acid by Behr and van Dorp 11  but the funda-
mental work of the present synthetic anthraquinone process 
was done by Friedel and Crafts. 12 In applying their reaction 
to phthalic acid chloride (3) and benzene, they obtained a 
reaction product containing two compounds, phthalophenone (4) 
and anthraquinone. Studying this fundamental reaction 
further, they observed that when phthalic anhydride was used 
in place of phthalic acid chloride, the principal reaction 
product was o-benzoyl benzoic acid. 13 Perkin obtained a 
100% conversion of this into anthraquinone by the use of 
concentrated sulphuric acid. 14 Heller showed that the 
aluminium chloride does not act catalytically but forms an 
intermediate compound with the phthalic anhydride and benzene 5 
The general production of anthraquinone in the U.K. and 
Europe is by oxidation of anthracene whereas in the U.S.A. 
benzoyl benzoic acid is used. 	This is economically viable 
because they have cheap sources of aluminium chloride. With 
the decline of the coal gas industry the long term future of 
anthracene is in doubt. 
ri 
1.2 REACTIONS OF ANTHRAQUINONES 
With the exception of nitration, electrophilic sub-
stitution reactions proceed with difficulty or not at all, 
e.g. Friedel-Crafts reactions. 	Nitration proceeds compara- 
tively easily with mixed acid at 40-50 0C to give mainly 1- 
nitroanthraquinone together with a small amount of the s-isomer 
and several dinitro compounds. At higher temperatures (80-
1200C) a,-substitution still predominates giving a mixture of 
1,5- and 1,8-dinitro compounds but there is considerable - 
substitution. 16 	As a Lewis base, anthraquinone dissolves 
readily in concentrated sulphuric acid but the formation of the 
conjugate acid renders the quinone still more resistant to 
electrophilic substitution. 	Consequently sulphuric acid is 
a useful inert solvent for many anthraquinone reactions. 
A most important substitution reaction of anthraquinone 
is sulphonation. In contrast to benzene and naphthalene 
compounds, anthraquinone can scarcely be sulphonated with con-
centrated sulphuric acid because the temperature required is 
so high that the anthraquinone is largely destroyed. 
Sulphonation is achieved by heating with 25-40% oleum at 140 0C, 
the main product being the A-sulphonic acid and further 
suiphonation yielding a mixture of the 2,6- and 2,7-disulphonic 
acids. 	This exclusive s-substitution is in marked contrast 
to nitration and chlorination and the discovery that -sulpho-
nation occurs in the presence of mercury salts has been con-
sequently of great technical importance. 	Thus suiphonation 
of anthraquinone with oleum containing mercury (II) ions gives 
the l-sulphonic acid but further sulphonation yields at 
least four isomers: the 1,5 and 1,8 with smaller amounts of 
5 
the 1,6 and 1,7 isomers. 17"8 It is reasonably well 
established that the reaction proceeds by a-mercuration and 
subsequent replacement of the mercurisulphate group by SO 3H, 
but the fact that uncatalysed. . sulphonation takes place in a 
- and not an a-position has not been adequately explained. 
Steric hindrance is probably an important factor) 9 
The importance of sulphonation is that it is the only 
practical route into substituted anthraquinones. The B-
sulphonic acids are less important than the a-sulphonic acids 
since the latter provide a useful starting point for the 
preparation of the important a-substituted anthraquinoneâ, 
e.g. the only route to pure 1-aminoanthraquinone is by treat-
ment of anthraquinone-1-sulphonic acid with anunonia. 20 
Nucleophilic reactions are used chiefly to replace one 
substituent by another but anthraquinone itself can be 
aminated by heating with hydroxylamine in sulphuric acid, 
preferably in the presence of a vanadium catalyst, the product 
being a mixture of 1- and 2-aminoanthraquinones. 21 ' 22 
The most important substituents replaced by nucleophiles 
are hydroxyl groups or halogen atoms. The common hydroxy- 
/ 
anthraquinone intermediate is quinizarin which is prepared I 
from phthalic arihydride and p-chlorophenol. 	This is an 
inexpensive process for two reasons. 	Firstly, although 
quinizarin is prepared by the Friedel-Crafts synthesis, the 
cyclisation is effected in sulphuric acid and not aluminium 
chloride and secondly the chlorine atom is converted into a 
hydroxy group during the reaction. Quinizarin has an impor-









7 	 on 
basis of many dyes obtained by replacement of the hydroxy 
groups by amines. 
Halogenoanthraquinones are pale yellow compounds showing 
the characteristic reactions of the parent compound. The 
halogen atoms are reactive,, being readily replaced by nucleo-
philic substitution especially in the a-position where the 
reactions usually result in the relief of steric strain. 
The preferential substitution of ct-halogen atoms may be re-
versed in the case of polyfluoro derivatives and thus 1,2,3, 
4-tetrafluoroanthraquinone reacts with amines predominantly 
at the 2-position. 23 
Anthraquinone itself is especially stable to oxidising 
agents but substituted anthraquinones such as polyhydroxy-
anthraquinone undergo oxidative fission more readily. 
Unlike benzoquinone, anthraquinone cannot be reduced 
with suiphurous acid but tin and hydrochloric acid or sodium 
hydrosulphite reduces it to the dihydroxy compound, the 
anthranol (5), which exists in equilibrium with 10-hydroxy-9-
anthrone (6). 	In alcohol the latter comprises 3% of the 
equilibrium mixture . 2425 
1.3 MESO CYCLISATION 
One of the most interesting and characteristic reactions 
of anthraquinone derivatives is the ability to undergo meso 
cyclisation between the 1- and 9-positions. The formation of 
these rings can result from cyclisation of a 1-substituted 
anthraquinone or of a carbonyl group derivative. This latter 


















Anthraquinone forms a mono-oxirne with hydroxylamine 
hydrochloride but this is obtained with difficulty although 
mono-oximes and bis-oximes can be easily prepared when the 
quinone group is acfivated by an electron withdrawing group in 
an ct-position in the ring. 	These oximes exist in stereo- 
isomeric forms, the cis-form (7) easily yielding the isoxazole 
(8) by heating in alkaline solution, whereas the trans-form 
remains unchanged. 26 
Most meso derivatives of arithraquinone are prepared by 
cyclisation from a substituent in an a-position. Anthra [ 1, 
9-cd]pyrazole (10), for example, is obtained from 1-hydrazino-
anthraquinone (9) with remarkable ease . 26 
The reaction conditions for cyclisation of hydrazones are 
important. Acid hydrolysis of the hydrazine quinone (11), 
formed from 1-chloro-2-nitroanthraquinone and benzhydrazide, 
also yields an anthra[l,9-cd]pyrazole (12) which is a very 
similar reaction to the formation of (ii). Meso cyclisation 
may be preceded by acid hydrolysis of the benzhydrazide (11) 
to give 2-nitroanthraquinone-l-hydrazide which cyclises with 
ease to (12). 	However, under basic conditions, cyclisation 
of (11) yields an anthra[ 1 ,2-e][ 1 ,3, 4]oxadiazine (13) and 
treatment of (11) with aqueous sodium suiphide yields an 
anthra[2,1-e][1,2,4]triazine (14).27 	The formation of (13) 
may result from displacement of the nitro group by the enolate 
ion whereas sodium sulphide reacts faster and reduces the 
nitro group to the amine; subsequent condensation with the 
carbonyl group of the side-chain gives the cyclised product 
(14). 
N1 	O2. 









The a-sulphonic acids may take part in reactions which 
also involve the adjacent carbonyl group and thus anthraquinone-
l-sulphonic acid reacts with ammonia and with hydrazine to give 
(15) and (16) respectively. 28 It has recently been shown 
that cyclic sulphates are formed when a-hydroxyanthraquinones 
are dissolved in oleum, e.g. (17) is obtained from quinizarin 9 
1.4 HETEROCYCLIC QUINONES 
The study of anthraquinone chemistry has been stimulated 
by the use of substituted anthraquinones as dyes. A 
variation in this work has been the study of heterocyclic 
quinones. These are quinones in which a heterocyclic ring 
(or rings) is fused either directly onto the quinone moiety, 
as in benzo[g]quinoline-5,10-dione (18) or contains a hetero-
cyclic ring insulated from the quinone nucleus, such as 14H-
naphtho2, 3-a ]phenothiazine-8, 13-dione (19). 
In the past, heterocyclic quinones have found application 
as dyes, catalysts and drugs and recently renewed interest in 
their use as drugs has been stimulated by the discovery of a 
number of antibiotics containing such systems, e.g. stripto-
nigrin and mitomycins. 
Several synthetic routes to heterocyclic quinones have 
been used. 	Oxidation of the corresponding heterocyclic 
anthracene is a method which has found application only in the 
preparation of 'azaanthraquinones'. 	Another route to 'aza- 
anthraquinones' is by the Fri5edel-Crafts reaction of 'aza- 
phthalic arthydrides' with benzene. 	Thus benzo[g]isoquinoline - 
















23 	 24 	25 
1 enzo[g]isoquinoline (20)300r by heating isoquinolinic 
anhydride (21) and benzene with aluminium chloride. 31 ' 32 
The other major synthetic route to heterocyclic 
quinones involves addition across the double bond of a 
bicyclic-1,4-quinone. The Diels-Alder addition to hetero- 
cyclic bicyclic quinones provides a route to 'azaanthraquinones'. 
The addition reactions of 5,8-quinoline dione (23) 
resemble closely those of the corresponding 1;4-naphtho-
quinones although small differences arise owing to the 
presence of a hetero atom. The addition of an aromatjc 
amine to (23) leads to a mixture of the 6- and 7-amino com-
pounds, with the former in excess.33 The decreased electron 
density in the 6,7-double bond, owing to the presence of the 
hetero atom, is further illustrated by the observation that 
(23) undergoes the Diels-Alder reaction with a variety of 
dienes more readily than does 1,4-naphthoquinone. 	This be- 
haviour was also observed for 5,8-quinoxaline dione (24) but 
not for 5,8-isoquinoline dione (25) which is reported to be 
considerably less active as a dienophile. 34 
The Diels-Alder route is not confined to heterocyclic 
analogues of 1, 4-naphthoquinone; 4, 7-benzimidazoledione (26) 
and penta-1,3-diene give a naphth[2,3-d]imidazo-4,9-dione (27). 
1,3-Dipolar addition reactions involving 1,4-quinones and 
diazoalkanes, nitrilimines, or sydnones provide a convenient 
entry into the indazole series of quinones. 	Thermolysis 
of 2,5-diphenyltetrazole at 160 0-1700C leads to the nitrili-
mine (28) which may be trapped by 1,4-naphthoquinone to 
m 	 I 
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yield the naphthopyrazole (29) in high yield. The mechanism, 
like that for the addition of diazoalkanes, involves addition, 
isomerisation and oxidation. 35  
1.5 TECHNIQUES 
Both n.m.r. and mass spectrometry are invaluable tools 
in the determination of structures of organic compounds. The 
use of n.m.r. spectrometry in anthraquinone chemistry is 
limited by the insolubility of many substituted anthraquinones 
in the appropriate spectroscopic solvents. The burden of 
structure assignment is thus placed mainly on themass spectral 
evidence. This can often be sufficient to assign a structure 
to a molecule since the molecular formula as well as the 
molecular weight can be determined by mass spectrometry. The 
possibility of a mixture of compounds being undetected is 
eliminated by subjecting the sample to a range of possible de-
composition temperatures. 
The assignment of a structure on the basis of mass 
spectral evidence, with support from infra-red and ultra-
violet data, could be incorrect if a rearrangement has 
occurred but this possibility, though interesting, is often 
remote. An example of the assignment of a structure without 
the aid of n.m.r. was shown in the product from ethylene-
diamine and 2,3-dich1oio_1,4_naphthoqujnone. 	The molecular 
formula of the product was found to be C 12H7C1N20 and could 
be represented by either structures (30) or (31). 	The loss 
of a chlorine atom can be better explained by (30) and the 
I-li 
absence of a C=O group in the infra-red spectrum excluded (31). 
The problem of correct identification of the parent ion 
as the molecular ion was solved by two methods, metastable 
scanning and microanalysis. Metastable scanning enabled the 
precursor of a daughter ion to be identified. Microanalysis 
was very useful when the compound contained only the elements 
C, H, 0 and N but it was not always possible to obtain a 
satisfactory answer when C, H, 0, N, S and a halogen, for 
example, were present. However, microanalysis did reinforce 
the results obtained from mass spectrometry. 
12 
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2.1 GENERAL OBJECT OF INVESTIGATION 
By analogy with the oxidation of.anthracene to 
nthraquinone, a possible synthetic route to several 
'aaanthraquinones' by oxidation of the corresponding 'aza-
anthracenes' was considered. 	The 'azaanthraöenes' are not 
readily obtained and a route from the double condensation re-
actions of the reaction products of phenylenediamines and -di-
carbonyl compounds was investigated. 
The use of -dicarbony1 compounds in the synthesis of. 
quinolines has been widely investigated but the orientation 
of cyclisation of two side-chains cannot be easily predicted. 
The following four routes to 'azaanthracenes' have been 
used: 
22 REACTIONS PROCEEDING FROM $-DICARBONYL COMPOUNDS 
These can be subdivided into two main categories. 
a) Conrad-Limpach and Knorr reactions 
A 8-keto ester, such as ethyl acetoacetate, can react 
with an aromatic amine in either of two ways. By reaction of 
the acetyl group, the anil ethyl-B-aminocrotonate (1) is ob-
tained whereas an anilide, acetoacetanilide (2) is the product 
if the ester end condenses with the amine. 	The factors 
governing the condensation were clarified by Hauser and 
Reynolds who reported that the reactions are equilibrium 
reactions and can be represented by Scheme I. ° 
From the anil, B-axiilino crotonic ester, a 4-hydroxy-
quinoJ4ne (3) results. 	This reaction is commonly known as 




















product is obtained when an acid is used but by heating in 
an inert medium (e.g. diphenyl) yields of up to 95% of the 
l-hydroxyquinolines can be obtained. 38 
From the anilide, a 2-hydroxyquinoline (4) is formed 
and the method is known as the Knorr synthesis. 39940 Ring 
closure in this reaction is best accomplished by gradual 
addition of cold concentrated sulphuric acid after which the 
temperature is slowly raised to 1000. 
b) Combes reaction 
Although it does not lead to hydroxyquinolines, the 
so-called Combes method4142  resembles the Conrad-Limpach-Knorr 
syntheses so closely that it must be classed as a variant. 
Aromatic amines are condensed with 1,3-diketones and the 
resulting products are then ring closed to 2,4-disubstituted 
quinolines (5); R1 is generally an alkyl group and R 2 may be 
either an alkyl, an aryl or a substituted aryl group. 
The Combes method has been studied extensively by 
Roberts and Turner, 4 particularly from the point of view of 
orientation in the ring-closure step. 	It was concluded that, 
when a strongly o,p-orienting group is present in a position 
meta to the nitrogen in the anil, ring closure proceeds 
readily even when a 'similar group is present in an unfavourable 
position. 	However, when a strongly o,p-orienting group is 
present para to the nitrogen (e.g. p-anisidine) ring closure 
is prevented. 	With meta-substituted anilines, the over- 
whelming tendency is for the formation of the 7-substituted 
quinoline. 





























route to an 'azaanthraquinone'. 	Cyclisation of 4-(2-naph- 
thylarnino)-pentan-3-en-2-one (6), obtained from 3-naphthyl-
amine and acetylacetone, gives a high yield of 2,4-dimethyl-
benzo:[g]quinoline (7) which can be oxidised to the corres-
ponding 5,10-quinone (8). 	No other 'azaanthraquinone' has 
been obtained from a similar route. 
2.3 GOULD-JACOBS REACTION 
The formation of 4-hydroxyquinolines starting with an 
aromatic amine and ethoxymethylenemalonic ester is referred 
to as the Gould-Jacobs reaction 4 and can be represented as 
in Scheme II. 
With rn-substituted anilines the main products are 
usually 7-substituted-4-hydroxyquinolines although the factors 
governing this are not clearly understood. m-Chloroaniline 
gave 15% of the 5-isomer whereas m-fluoroaniline gave mainly 
the 5-isomer but this was obtained exclusively from m-cyano-
aniline. 46 
This reaction has been extended to the synthesis of 
.phenanthrolines. Douglas and Kerrnack 4 studied the reaction 
of p-phenylenediamine and diethyl ethoxymethylenemalonate and 
identified the cyclised product as 2,9-dicarbethoxy-1,10- 
dlhydroxy-4,7_phenanthrollne (9). 	Surrey and Cutler reported 
a similar product, 3, 9-dicarbethoxy-4, lO-dihydroxy-1, 7-phenan- 
throline (10), using m-phenylenediamine. 	The assignment of 
structures to their products was achieved by converting the 
compounds to the parent ring system in the latter case and 
a dichioro compound in the former. 	No spectroscopic evidence 
was available to substantiate the assignments and, in the 
present work, these reactions were re-investigated. 
,,COH 	 cqH 
CR 
NHZ °QH 	 CH 
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2.4 PYRUVIC ACID CONDENSATION REACTIONS 
Pyruvic acid reacts with both amines and -keto acids, 
an example of this being its reaction with isatic acid (ii) 
to give quinoline-2,4--dicarboxylic acid (12).49,50 
The Doebner pyruvic acid reaction provides a route 
to qui.nolines by heating an arylamine with pyruvic acid and 
an aldehyde. 51 Condensation of the intermediate anil (13), 
from the amine and the aldehyde, with pyruvic acid and sub-
sequent cyclisation yields a cinchoninic acid (15). 	The 
formation of a dihydroquinoline (14) is similar to the inter-
mediate proposed for the Skraup reaction. 
Guiliano and Stein reported the preparation of a linear 
tricyclic 'azaanthracene' (16) from p-phenylenediamine and 
pyruvic acid, decarboxylation yielding a 2,7-dimethylpyrido-
[2,3-9]quinoline (17).52 The structures were based mainly 
on the ultra-violet spectrum of (17) and if they are correct 
was rather fortuitous. This reaction was repeated and 
similar reactions investigated to establish the identity of 
the products and to ascertain whethet this reaction could 




















2.5 CONDENSATION REACTIONS OF PHENYLENEDIANINES AND 
ETHYL ACETOACETATE 
At room temperature p-phenylenediamine and ethyl 
acetoacetate gave only one product, a white solid which was 
identified as ethy1--(amino-p-phenylamino) crotonate (18). 
The n.m.r. spectrum was very interesting since there were two 
N-H peaks at low field, two olefinic singlets and two methyl 
singlets. Expansion of the olefinic and methyl peaks showed 
them to be multiplets and spin-decoupling of each of these 
peaks demonstrated that the olefinic proton at 5.32i was 
coupled to the methyl group at 8.06'r and that the proton at 
5.42T was coupled to those at 8.20r. 	This product was thus 
a mixture of cis and trans isomers with coupling c.ontants 
0.6 c/s and 0.5 c/s. 	From the integration ratios it was con- 
eluded that there was 30% of one isomer and 70% of the other. 
The non-equivalence of the N-H protons resulted from 
the hydrogen bonding of one N-H proton to the carbonyl group 
of the ester. The intramolecular bonding resulted in a - 
sharper signal and the less broadened N-H peak at -1.3T was 
assigned to the cis isomer (19) and the other N-H peak to the 
trans isomer. (20). 	The integration ratio of the N-H peaks 
was the same as that for the olefin and methyl pairs of peaks 
and therefore the cis/trans isomer ratio was 1:2.3.. 
Repeating the reaction under more vigorous conditions, 
a high yield of a compound identified as 1,4-bis(ethy1--
aminocrotonate)benzene (21) was obtained. 	There was no 
evidence for the presence of cis and trans isomers. 
m-Phenylenediamine and ethyl acetoacetate gave only 
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332 with molecular formula C18H24N204 . 	The n.m.r. 
spectrum was studied in trifluoracetic acid because of the 
insolubility of the compound. No ethyl groups were present 
in the spectrum but there was a singlet at 7.7r. 	The aromatic 
region was more complex, than for a 1,3-disubstituted benzene. 
The conflict of the n.m.r. and mass spectral evidence could 
be explained by a reaction occurring in the trifluoracetic 
acid. The mass spectral evidence suggested that the product 
was 1, 3-bis(ethyl--aminocrotonate)benzene (22). 
The reaction between o-phenylenediamine and ethyl 
acetoacetate has been reported to yield ethyl--(amino-o-phenyl-
amino)crotonate 	 53,54  m.p. 85
0
, but, in the present work, 
when they were heated together under the reaction conditions 
described a white solid, m.p. 175-1760 , was obtained. 	The 
parent ion in the mass spectrum had mass 132 and the n.m.r. 
spectrum had a c-methyl singlet but no ethyl group. The 
compound was thus 2-methylbenzimidazole (24) and a possible 
mechanism for its formation is shown in Scheme III. 
2.6 CYCLISATION OF THE CROTONIC ESTERS 
The cyclisation step in the Conrad-Limpach reaction re-
quired a high boiling inert solvent and refluxing diphenyl ether 
was used to effect ring closure of the crotonic esters. 
No products were isolated from either ethyl-B-(amino-p-
phenylamino)crotonate (18) or 1, 4-bis(ethyl--aminocrotonate) 
benzene (21) under these conditions. 	Cleavage of the side- 
chains was thus preferred to cyclisation. 
One product was obtained from the cyclisation of 
NH OH 
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1,3-bis(ethyl--aminocrotoflate)beflZene (22). 	The n.m.r. 
spectrum of the product was studied in dimethyl sulphoxide, 
in which (22) had been insoluble, and the spectrum was 
identical to that recorded for (22) in trifluoracetic acid. 
The mass spectrum, however, had a molecular ion of mass 174 
and molecular formula C10H10N20. The aromatic region of the 
n.m.r. spectrum corresponded to a 2,4,6- or 2,4,7-trisubstitu-
ted quinoline and a phenolic proton and a methyl group were 
also identified. An NH group was evident from the infra-red 
spectrum. 	The spectroscopic evidence indicated that cycli- 
sation of one side-chain and cleavage of the other had occurred. 
This would have yielded either 5-axnino-4-hydroxy-2-methyl-
quinoline (25) or 7-amino-4-hydroxy-2-methylquinoline (26). \/ 
The n.m.r.' evidence was consistent with (26) and the evidence 
for the phenolic proton in the spectrum showed that the molecule. 
was unlike 4-hydroxyquinoline and did not exist in the. quin-
olinone form. 5 
The formation of the quinoline (26) when 1,3-bis(ethyl-
0-aminocrotonate)benzene (22) was dissolved is trifluoracetic 
acid was confirmed by using conc. sulphuric acid as the 
cyclisation agent. This resulted in a low yield of the 
quinoline (26) being isolated. 
The results of these cyclisation reactions suggested 
that the positions of substitution had a strong influence on 
the, reaction products. 	The cyclisation steps of ethyl-s- 
(amino-p-phenylamino)crotonate (18) and 1, 4-bis(ethyl--
aminocrotonate)benzene (21) had no enhancement to ring 
closure since, in each case, the anil was required to cyclise 
22 
onto a position meta to an o,p-orienting group. 
The meta di-substituted compound, l,3-biâ(ethyl--
aminocrotonate)benzene (22), enhanced ring closure but, after 
the formation of the quinoline ring, cleavage of the second 
anil was preferred. The absence of any 5-amino-4-hydroxy-2-
methyiquinoline (25) may have resulted from the steric effect 
of the other side-chain. 
2.7 COMBES REACTION 
Two products were obtained from the reaction of acetyl-
acetone and p-phenylenediamine and these were separated 
chromato graph! C ally. 
The first fraction from the column was an orange solid 
whose mass spectrum had a molecular ion at m/e 324 with the 
molecular formula C 23H1602 . The absence of nitrogen there-
fore excluded the incorporation of p-phenylenediamine in the 
molecule. 	The n.m.r. spectrum had singlets at 2.957, 4.557 
and 8.05'r and the integration indicated one aromatic proton, 
three olefinic protons and four equivalent methyl groups. 
There was an intense band at 1590cm in the infra-red spec-
trum which could be assigned to a .ring carbonyl stretching 
band. The degree of unsaturation may result in the structure 
having five fused six-membered rings and two carbonyl groups. 
The compound undoubtedly resulted from the self-condensation 
of acetylacetone probably base catalysed by the phenylene-
diamine. 
No satisfactory structure was found which agreed with 
the spectroscopic evidence. 	Attempts to prepare this compound 
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by heating acetylacetone with different bases, e.g. pyridine, 
were unsuccessful. There was no evidence for the presence 
of this condensate in the acetylacetone used in the reaction. 
A white solid, identified as 1-(amino--p-phenylainino)-
2-penten-4-one (27), was also obtained. 	The n.m.r. spectrum 
showed evidence of a mixture of cis and trans isomers. Double 
resonance studies demonstrated that the olefinic protons at 
4.78T and 4.85T were coupled to the methyl peaks at 8.05T and 
8,14'r respectively. 	The two N-H peaks at -2.3'r resulted from 
intramolecular bonding between the N-H and the carbonyl of 
the acetyl group cis to the amine. The hydrogen bonded N-H 
thus had a sharper signal than the other N-H group and since 
the integration ratio of these peaks was 1:3 in favour of the 
latter, there was approximately 30% cis isomer present in the 
mixture. These results were similar to those obtained for 
ethyl--(amino-p-phenylamino)crotoflate (18) which also 
exhibited cis and trans isomers. 
Repeating the above experiment with re-distilled 
starting materials, a white solid, N,N'-bis(methyl-l-but-2-
en-3-one)-p-phenylenediamine (28) was isolated in high yield. 
No product corresponding to the self-condensation of.acetyl-
acetone was found. 
The base catalysed self-condensation of acetylacetone 
resulting in the formation of an interesting but unidentified 
compound was an unexpected side-product in the reaction of 
phenylenediamine and acetylacetone. However, when the 
attempts to repeat this reaction using other bases were un-
successful, no further investigations were carried out into 
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this isolated result. 
The cyclisation procedure using concentrated sulphuric 
acid or anhydrous hydrogen fluoride was unsuccessful when 
applied to 1-(amino-p-phenylamino)-2-penten-4-one (27) or 
N,N'-bis(methyl-l-but-2-en-3-one)-p-pheny1enediine (28); 
p-phenylenediamine was obtained from (27) and a mixture of 
p-phenylenediamine and (27) was obtained from (28). 	Poly-. 
phosphoric acid was used to induce cyclisation but this also 
failed. The failure to cyclise may have resulted from the 
protonation of the nitrogen atoms as in Scheme IV. 
In an attempt to prevent the cleavage of the side-chain 
during the cyclisation step, a Biróh reduction of the double 
bonds of N, '-bis(methyl-l-but-2-en-3-one)-p-phenylenedj amine 
(28) was attempted but this yielded only a mixture of (27) 
and p-phenylenediamine. 
The reactions of acetylacetone and p-phenylenediamine 
can be compared to the Pecbmann reaction, where coumarin de-
rivatives are formed when -ketonic esters are condensed with 
phenol in the presence of conc. sulphuric acid as in Scheme V, 6 
or the Simonis reaction where the Pechmann reaction takes an 
alternative course leading to the formation of chromones as 
• in Scheme VI. 57 The Simonis reaction occurs when an a-sub- 
• stituted 8-keto ester or a phenol containing a deactivating 
group, such as a halogen atom, is used. 	It is also notable. 
for the low yield of chromone. 58  
• The failure to cyclise N,N'-bis(methyl-l-but-2-en-
3-one)-p-phenylenediamine (28) was observed by Marchwald and 
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diamine condensed with two molecules of acetylacetone, treat-
ment with concentrated sulphuric acid afforded 7-amino-2,4-
dimethylquinoline in the former case and no quinoline in the 
latter. 
The results are also in agreement with the conclusions 
of Roberts and Turner60 who found that the influence of the 
ortho-para orienting group para to the nitrogen prevented ring 
closure. 
2.8 GOULD-JACOBS REACTION 
The reaction of p-phenylenediamine and diethyl 
eithoxymethylenemalonate gave a yellow solid identified as 
the 1,4--bis adduct (29). 	Its n.m.r. spectrum had several 
interesting features. 	The olefinic proton was OT and its 
signal was two peaks. 	These resulted from coupling to the 
N-H proton (J= 12c/s) rather than from non-equivalent protons. 
That this was an —N—C=C system and not —N=C—C was evident 
HH 	 HH 
from the peaks at -1.3i' broadened by the quadrupole moment of 
the nitrogen. The chemical shifts of the protons were not 
compatible with a proton bonded to an sp 3 carbon atom. 
A high yield of the 1,3-bis adduct (30) was obtained 
by heating m-phenylenediamine with diethyl ethoxymethylene-
malonate. The chemical shifts and the coupling constants 
(J = 12c/s) of the N-H and C-H protons in the n.m.r. spectrum 
of (30) were very similar to those in the spectrum of (29). 
The cyclisation step in the Gould-Jacobs reaction was effected 
by refluxing diphenyl ether. 
Under these conditions, the 1,4-bis adduct (29) yielded 
a white solid and the spectroscopic evidence showed that 
both side-chains had cyclised to give either a pyrido[2,3-9] 
quinoline or a 4,7-phenanthroline. The infra-red spectrum 
had no. hydroxyl band and the absence of any phenolic protons 
in the n.m.r. spectrum showed that the structure was either 
4, 7-dihydro-1, l0-dioxo-2, 9-dicarbethoxy-4, 7-phenanthroline 
(31) or 1,5-dihydro--3,7-dicarbethoxy-4,8-dioxopyrido[2, 3-g] 
quinoline (32). 	The existence of this compound in the keto 
rather than the hydroxyl form was not unusual since 4-hydroxy-
quinoline exists predominantly in the quinolinone form. 5 
The n.m.r. spectra of the two compound, (31) and (32), 
would differ only in the chemical shift of the aromatic protons. 
The singlet at 1.2T was assigned to the protons ortho to the 
nitrogen atoms. This signal was at lower field because of 
the deshielding effect from the carbonyl group of the ester. 
The environment of the other protons can be compared to the 
8-proton in quinoline or the 5- or 6-protons in 4,7-phenanthro-
line which have chemical shifts of 1.95T and 1.72r respec-
tiveiy.6162 	However, the deshielding effect from the 
lone pair of the ring nitrogen atom would not operate for 
the keto forms (31) or (32) because the lone pair would be 
in an out of plane pz orbital. The protons peri to the 
nitrogens in (31) must be at higher field than in 4,7-
phenanthroline. Their chemical shift of 1.95T can be 
rationalised by structure (32) since the environment of these 
protons can be compared to that of the 8-proton in -tetralone 
which has a chemical shift of 2.OT. 63 The carbonyl group 
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The cyclisation of the 1,4-bis adduct (29) thus 
yielded the linear product (32). 
Cyclisation of the first side-chain of (29), could 
have resulted only in the 6-substituted quinolinone (33) 
because of the symmetry of the molecule. The second ring 
closure had two positions on which to cyclise to yield either 
a linear or an angular product. A similar ring closure by 
(34), which was the product of 6-aminoquinoline and diethyl 
ethoxymethylenemalonate, has been reported to cyclise to the 
4,7-phenanthroline (35)•64 Thus the steric effect of the 
oxygen atoms in the 4-position of (33) may have prevented 
cyclisation to the angular compound (31) although the same 
electronic factors would not operate for the quinolinone form 
(33) as for the quinoline (34). 
The assignment of the linear structure (32) to the 
product from the cyclisation of the 1,4-bis adduct (29) 
contrasted with the conclusions of Douglas and Kermack 47 
who described the compound as a 4,7-phenanthroline. Their 
evidence was based on the identity of the chlorinated product 
obtained after decarboxylation and replacement of the hydroxyl 
groups by chlorine. 	The absence of any spectroscopic 
evidence and the reported difficulty in purifying the di-
carboxylic acids obtained by hydrolysis of the esters might 
explain the incorrect structural assignment. 
Cyclisation of the 1,3-bis adduct (30) yielded a white 
solid whose n.m.r. spectrum was studied in trifluoracetic 
acid because of the lack of solubility in other solvents. 
A pair of ortho coupled doublets centred at 0.96T and 1.65T 
and two singlets at 0.38T and 0.61'r as well as two non-
ëti'ivalent ethyl groups showed that the structure was 3,9-
d-icarbethoxy- 1,7-=dihydro-4,10-dioxo_1,7_phenanthroline (36). 
The :mass spectral and infra-red evidence supported this 
structure which was in agreement with the conclusions of 
Li.8 
Sur-rey and Cutler who converted the product into 4,7- 
:pherianthroline to establish the structure. 
2.T9 CONDENSATION REACTIONS OF PYRUVIC ACID WITH PHENYLENE-
.DIANINES 
An aqueous medium was often used for these reactions. 
-The pyruvic acid was neutralised with sodium carbonate before 
addition to the reaction mixture. 
Two products were isolated from the reaction of p-
phenylenediamine and sodium pyruvate. A brown solid pre-
cipitated from the refluxing solution and a red solid was 
isolated on acidification. 
The mass spectrum of the red product had apparent 
:parerit -ions at mass 298 and 300 with molecular formulae 
and C16H16N204 respectively. However, micro- 
äxIaIysis gave the formula C17H16N2O6 ; thus the compound was 
thrmally decomposing in the mass spectrometer. Esterifi-
cati:on with ethanolic sulphuric acid yielded a solid with 
:m61:ecular weight m/e 428. 	The methyl ester, prepared 
:fpom T'methanolic sulphuric acid and also from BF3-methanol, 
:hada:molecular weight of 386. 	The increase in molecular 
e-igh-t a-fter esterification was consistent with three carboxylic 
acid groups in the parent compound. 
:The:n;m.r. spectra of the parent acid and the ester 
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showed two methyl groups in different chemical environments 
as well as three non-equivalent aromatic protons. An N-H 
proton was present in the n.m.r. spectra of the esters and 
in the infra-red spectrum of the acid. The absence of ortho 
coupled doublets in the n.m.r. spectrum excluded a 4,7-phenan-
throline system. 
The acid was decarboxylated to provide further proof 
for the structure. The decarboxylated product was a yellow 
solid with a molecular weight of mass 208 and molecular 
formula C14H12N2 . In the aromatic region of the n.m.r. 
spectrum there were peaks at 1.51T (singlet), 1.76T (doublet, 
J = 8c/s) and 2.73i (doublet, J = 8c/s). 	A singlet at 7.2T 
integrated for two methyl groups. The structure was either 
2, 7-dimethylpyrido [2, 3-g ]quinoline (37) or 4, 9-dimethyl-
pyrido[ 2 ,3-g]quinoline (38). 
A comparison with the coupling constants in quinoline 
allowed a structural assignment to be made.. The coupling 
constant of the 2- and 3-protons in quinoline is 4.2c/s and 
for the 3- and 4-protons is 8.5c/s. 	Thus the correct 
structure for the decarboxylated product was 2,7-dimethyl-
pyrido[ 2, 3-g] quinoline (37). 
The parent tricarboxylic acid was therefore 2,7-di-
methyl-1, 2,3, 4-tetrahydropyrido[ 2, 3-g] quinoline-2, 4-9-tn-
carboxylic acid (39). 
The other product from the reaction had a molecular ion 
at m/e 204 and molecular formula C 11H12N2021  in the mass 
spectrum. 	The microanalysis figures gave a formula C 12H14N204 . 
The n.m.r. spectrum in trifluoracetic acid did not permit an 
30 
assignment of stn.icture and the product was therefore methy-
lated with methanolic sulphuric acid and also by BF3-methanol. 
The increase in molecular weight to mass 278 and molecular 
formula C14H18N204 by mass spectrometry, with which the micro-
analysis data agreed, indicated that the parent acid was a 
dicarboxylic acid. 	The aromatic region of the n.m.r. spectrum 
of the ester could be assigned to a 1,3,4-trisubstituted 
benzene. The most probable structure for this compound is 
6-amino-2-methyl-1, 2,3, 4-tetrahydroquinoline-2, 4-dicarboxylic 
acid (40). 
No further reaction of (40) with pyruvic acid could. be  
induced and the compound was thus not an intermediate in the 
formation of (39) but its structure provided evidence for the 
formation of (39). 
The preparation of the 'azaanthracene' (37) afforded 
an opportunity to attempt its oxidation to an azaanthraquinone 
using the methods developed for oxidation of anthracenes to 
anthraquinones. No product was extracted from the reaction 
mixture even after prolonged continuous extraction. De- 
gradation of the compound had therefore taken place. Oxidation 
of anthraquinones substituted in one ring can result in de-
gradation of the substituted ring and formation of phthalic 
acid. The azaanthracene, which did not have the inherent 
stability of a para quinone system, was thus very susceptible 
to degradation. 
The reaction of m-phenylenediamine and pyruvic acid 
was studied under the same conditions. A red product was 
isolated on cooling and subsequent dilution of the liquor 








The mass spectrum of the red solid had an apparent 
molecular ion at m/e 300 and molecular formula C16H16N204 
whereas the microanalysis figures gave the formula C17H16N202 . 
Esterification of the product confirmed the latter formula 
and that there were three carboxylic acid groups in the 
molecule. 
The n.m.r. spectrum had three singlets in the aromatic 
region and two methyl singlets at 7.05T and 8.2'r as well as 
complex aliphatic multiplets. The absence of ortho coupled 
doublets in the aromatic region of the spectrum excluded a 
phenanthroline and, if the formation of this product resembled 
that of the product from p-phenylenediamine and pyruvic acid, 
the most likely structure was 2,8-dimethyl--1,2,3,4-tetrahydro-
pyrido[ 3, 2-g] quinoline-2, 4, 6-tricarboxylic acid (41). 
The other product from the reaction was shown by ester-
ification to have two carboxylic acid groups 	The aromatic 
region of the n.m.r. spectrum can be assigned to a 1,3,4-tn- 
substituted benzene. 	The probable structure from the 
spectroscopic evidence of the acid and its ester was 7-amino-
2-methyl-1, 2,3, 4-tetrahydroquinoline-2, 4-dicarboxylic acid (42). 
This compound did not react further with pyruvic acid and was 
therefore not an intermediate in the formation of (41). 
It was hoped that additional information about these 
reactions might be obtained by the use of ethyl pyruvate. 
However, the reactions of the phenylenediamines with ethyl 
pyruvate yielded only high melting'solids probably of poly-
meric nature. 
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The condensation of one molecule of pyruvic acid 
with p-phenylenediamine would yield an intermediate (43) 
which, after condensation with another molecule of pyruvic 
acid, could cyclise to a quinoline (44) as in Scheme VII. 
This series of reactions would not give the product isolated 
from p-phenylenediamine and pyruvic acid and suggested that 
a step-wise condensation of pyruvic acid did not occur. 
The dimer of pyruvic acid was obtained by De Jong 65 
in 1901 by passing hydrogen chloride gas through pyruvic 
acid. 	This compound was described as the -lactone (45). 
In the present work, this reaction was repeated, the 
dimer isolated and its n.m.r. spectrum studied. 	This showed 
a 3:1 mixture of the lactone to the dicarboxylic acid (46). 
When this mixture was used instead of pyruvic acid in the 
reactions with p- and m-phenylenediamine, the same tricyclic 
products were isolated although no bicyclic compounds were 
obtained. 	These results suggested that pyruvic acid, under 
the basic conditions of the reaction, has undergone an aldol 
condensation as in Scheme VIII. 
Condensation of p-phenylenediamine with the y-lactone 
(45) and cyclisation of this keto acid (47) could give either 
the bicyclic product (48), which failed to react further and 
was isolated from the reaction mixture, or the bicyclic com-
pound (49) which reacted with another molecule of the lactone 
to yield the tricyclic product (51) as in Scheme IX. 
This rationalisation of the product formation does not 
account for either the failure to isolate the tricyclic product 
33 
(52), which would have resulted from a cyclisation step 
similar to that for (48), or the absence of any bicyclic 
product from the reaction of p- and m-phenylenediamine'with 
the pyruvic acid dimer. 
The orientation of cyclisation which resulted in the 
formation of a linear product was unlike that of the Skraup 
reaction in which the double cyclisation of p-phenylenediamine 
and glycerol yielded 4, 7-phenanthroline. 66 
The cyclisation of the first side-chain of the keto 
acid (47) could not have yielded a mixture of isomers because 
of the symmetry of the molecule but the second side-chain 
could cyclise onto either of two positions. 	The steric 
effect of the carboxylic acid in the 4-position of the inter- 
mediate quinoline (50) prevented cyclisation onto the 5-position 
to yield a 4,7-phenanthroline. This would have placed two 
carboxylic acid'groups in the same crowded environment. A 
linear arrangement of the three rings thus resulted. 
The formation of a linear product from the reaction of 
m-phenylenediamine and pyruvic acid cannot be easily ration-
alised. 	If both side-chains were formed before any 
cyclisation, one side-chain may have prevented cyclisation of 
the other to give a 5-substituted quinoline. 	The 7-substit- 
uted quinoline (53) so formed could have yielded a linear or 
an angular product Put a combination of the electronic effect 
of the pyridine ring and the steric effect of the pen N-H 
may have operated to enhance cyclis.ation onto the 6-position. 
34 
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3.1 HETEROCYCLIC QIJINONES FROM THE FRIEDEL-CRAFTS REACTION 
There are two methods of employing the Friedel-Crafts 
reaction as a route to heterocyclic quinones, acylation of 
a heterocyclic system by phthalic anhydride or acylation of 
benzene by a heterocyclic di-carboxylic acid. This dual 
approach was employed in a recent paper by MacDowell and 
Wisowat 7 in the synthesis of thiophene analogues of 
anthraquinone.. 
0-(2--thenoyl)benzoic acid (1) from phthalic anhydride 
and thiophene, was cyclised to 4,9-dihydronaphtho [2,3-b] 
thiophene-4,9-dione (2). 
The other method was used as a route to the isomeric 
system, 4,9-dihydronaphtho [2, 3-c ]thiophene-4,9-dione (4) by 
the double acylation of benzene using thiophene-3,4-dicarbonyl-
chloride (3). 
This dual approach is not applicable in all cases. 
Benzoy1--picolinic acid (6), prepared by the condensation of 
quinolinic anhydride (5) with benzene in the presence of 
aluminium chloride, can be cyclised with sulphuric acid to 
benzo[g]quinoline_5,10_dione (7)68 The alternative route 
from phthalic anhydride and pyridine cannot be employed be-
cause of the deactivation of pyridine to acylation. 
3.2 STRUCTURE OF THE ttPYRROLNE_PHTHALIDESu 
Pyrrole has been acylated with phthalic anhydride 
and the product was described as a "pyrroline-phthalide" 
whose structure has been a subject for debate. These compounds 
are usually prepared by heating pyrrole with phthalic anhydride 







1884,69 their structure was discussed at intervals for half 
a century and was eventually settled to the somewhat pre-
mature satisfaction of Oddo70 and Fischer ! 71 	Three 
formulae (8), (9) and (19) have chiefly been considered'. 
Ciamician and Densted 69 preferred (8) to (10) principally 
because they failed to induce a reaction with hydroxylamine 
and v. Meyer had similar failures with known lactones. 72 ' 73 
Ciamician later preferred structure (9)74  which was favoured 
by Oddo because he could obtain "pyrroline-phthalide" by 
boiling pyrrophthalein (11) with hydrochloric acid. 	Oddo 
regarded this as evidence that both compounds have a lactone 
ring though he recognised that this ring was probably broken 
at an early stage of the reaction. 	Fischer and Orth based 
their preference for structure (9) on its colour. 
None of these arguments appears impressive by modern 
standards and a more reasonable proof was provided by infra- / 
red spectroscopy which favoured (8) but this was by no. means 
conclusive. 75 
3.3 ACYLATION OF PYRROLE 
When pyrrole is boiled with acetic anhydride, alone or 
in the presence of sodium acetate, a mixture of 1- and 2-
acetyl pyrrole results; 76 at higher temperatures (2400_250 0 ) 
2,5-diacetylpyrrole is formed. 77 Similar reactions have been 
carried out with benzoic and propionic anhydride. 78 
C-acylation occurs with great ease in pyrroles which makes it 

















3.4 ACYLATION REACTIONS 
Anhydrides of di- and polybasic carboxylic acids 
react under the conditions of the Friedel-Crafts reaction 
usually with the formation of keto acids. It was found that 
for the complete reaction with the formation of a keto acid, 
one molecule of anhydride requires two of aluminium chloride 
(or one if it is regarded as Al2C16 ) and thus it is not a true 
catalyst.79 980 From this and other observations it was con- 
cluded that one molecule of aluminium chloride is needed to 
open the ring with the formation of the carboxylic acid salt 
from one half of the anhydride group. The other half is 
converted into a carbonyl chloride group which reacts with a 
second molecule of aluminium chloride and then with the 
nucleophilic component to form a keto group, i.e. the anhydride 
ultimately gives a keto acid. The aluminium chloride group 
"liberated" in the acylation stage forms a complex with the 
new keto group and so cannot participate in further reactions. 
This can be illustrated by the acylation of benzene 
with succinic anhydride in Scheme X. 
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3.5 PHTHALIC ANHYDRIDE AND PYRROLE 
The acylation of pyrrole with phthalic anhydride 
was investigated using various Friedel-Crafts reagents, 
solvents and reaction conditions; the optimum conditions 
required stannic chloride and benzene. 
The mass spectrum of the yellow solid product had 
a molecular ion at mass 197 with molecular formula C 12FL7NO2 ; 
fragment ions at m/e 169 and 141 were mass measured and re-
suited from successive loss of CO which is characteristic 
of an anthraquinone type of molecule. 
The n.m.r. spectrum was rather complex and expansion 
of the aromatic region and double resonance studies were used 
to elucidate the structure. A triplet at 3.517 was shown to 
be a quartet on expansion. 	Spin decoupling demonstrated that 
it was ortho coupled to the quartet at 2.707 (J = 3.5 c/s) and 
to the multiplet centred at 2.257 (J = 3.1 c/s). 	The quartet 
at 2.707 had coupling constants J = 3.5 c/s, J = 1.4 c/s and 
was thus ortho and meta coupled. This was consistent with 
a 1,2-disubstituted pyrrole. 	The proton at 2.257 was de- 
shielded by the 2-substituent and the pyrrole ring can be 
represented by (12). 	The remainder of the spectrum was a 
complex AA'BB' system and the compound was therefore pyrrolo 
[1,2-b ]isoquinoline-5, lO-dione (13). 
Thus the product was that originally favoured by 
Ciamician' 4 and, although later discarded by him, was sub-
sequently supported by infra-red studies. 






3.6 PHTHALIC ANHYDRIDE AND N-METHYLPYRROLE 
The acylation of N-methylpyrrole with phthalic 
anhydride has not been reported. This reaction was there-
fore studied using various Friedel-Crafts reagents, solvents 
and reaction conditions; the optimum conditions required 
stannic chloride and benzene. 
The product was purified by chromatography over 
sLiica to give a white solid of molecular weight 229 and 
molecular formula C 13H11NO3 . 	Its n.m.r. spectrum showed 
a 1,2-disubstituted pyrrole and an AA'BB' system in the 
aromatic region. An N-methyl singlet and a carboxylic acid 
proton were also present. 	The compound was identified as 
o-(N-methylpyrroloyl)-benzoic acid (14). 
Cyclisation of this acid was achieved in glacial 
acetic anhydride to yield an orange solid of molecular weight 
211 and molecular formula C 13H9NO2 . 	The n.m.r. spectrum 
had two pairs of ortho coupled doublets at 3.12i and 3.08i 
instead of the three adjacent pyrrole protons of (14). 	The 
AA'BB' system and the N-methyl singlet remained but the acidic 
proton was absent. The product was thus l-methyl-benz[f] 
indole-4,9-dione (15). 
3.7 ACYLATION OF PYRROLES IN ACETIC ACID 
While this work was in progress, a paper was published 
by Treibs and Jacob8 ' describing the reactions of phthalic 
anhydride and substituted pyrroles using acetic acid as 
solvent. A benz[f]isoindole-4,9-dione was obtained from 
phthalic anhydride and 2,5-dimethylpyrrole, but with a 2,3,4- 
trisubstituted pyrrole a pyrrolo[1, 2-b]isoquinoline-5, lO-dione 
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was isolated. 
In the present work, the condensation of phthalic 
anhydride and pyrrole was re-investigated using acetic acid 
as solvent. 	The reaction produced much black material 
probably polymeric in nature but T.L.C. showed two bands 
as well as the base-line material. 	Chromatography over 
alumina effected a separation of these compounds. 
A red solid was eluted first. 	This compound had 
a molecular ion at mass 262 with molecular formula C 16H10N202 
in its mass spectrum. 	The n.m.r. spectrum showed an AA'BB' 
system, a pair of ortho coupled doublets (J = 3.2 c/s) and 
complex multiplets centred at 2.99r, 3.23T and 3.64'r, each 
integrating for one proton. 
The other fraction was a purple solid which also had 
a molecular ion at mass 262 with molecular formula C16H10N202 
in its mass spectrum. The n.m.r. spectrum had an AA'BB' 
system, a pair of ortho coupled doublets (J = 3.7 c/s) and 
multiplets centred at 3.01T, 3.15T and 3.64T, each inte-
grating for one proton. 
There were many similar features in both n.m.r. 
spectra and both compounds were pyrrolo[1,2-b]isoquinoline--
5,10-diones mono-substituted in the pyrrole ring. 	The sub- 
stituent was a pyrrole ring and its complex n.m.r.• spectrum 
resulted from a substituent in the 2-position viz, the bond 
to the pyrrole ring of the quinone. 	The significant differ- 
ences between the n.m.r. spectra were the chemical shifts of 
2.25'r and 2.57T for the downfield doublets of the first and 
second products respectively and the coupling constants of 









arose from the two protons of the pyrrole ring of pyrrolo 
[1,2-b]iso4uinoline-5,10-dione system and their chemical 
shifts and coupling constants can be compared with values 
of 2.25r (J = 3.1 c/s), 2.70T (J = 3.5 c/s) and 3.51i (J = 
3.1 c/s, J = 3.5 c/s) for the parent compound (13). 	The 
upfield doublets at 3.31T and 3.24rr for the two products 
were the protons at the 2-position of the pyrrolo[l,2-b]iso-
quinoline-5,lO-diones and the other protons were therefore 
the 1- and 3-protons. 	Thus the two products were l-(l'- 
pyrrole)-pyrrolo[l, 2-blisoquinoline--5,10-dione (16) and 
3-(1 1 -pyrrole)-pyrrolo[l, 2-b]isoquinoline-5,lO-dione (17). 
The 1-proton of the parent compound (13) had a chemical shift 
and a coupling constant very similar to that for the downfield 
doubleth of the red product whereas the values for the chemical 
shift and coupling constant for the 3-proton of the parent 
compound (13) were similar to that for the downfield doublet 
of the purple product. 	Thus the red product was (16) and the 
purple product (17). 
Pyrrole is easily converted by acid into intractable 
and readily autoxidised polymers but the trimer (18) has been 
obtained by passing hydrogen chloride into pyrrole.82 The 
• isolation of the pyrrole dimer (19) has not yet been reported. 
In the reaction of phthalic anhydride with pyrrole in 
acetic acid, the phthalic anhydride has acted as a trap for 
the 1,1 1 - and 1,3 1 -dimers of pyrrole formed by the acid 
catalysed polymerisation of pyrrole. 
The condensation of phthalic anhydride and N-methyl- 







The product obtained was a white solid of molecular weight 
292 and molecular formula C18H16N202 . 	Its n.m.r. spectrum 
had quartets at 3.14T (J = 4.5 c/s; J = 1.5 c/s) and 3.59'r 
(J = 4.5 c/s; J = 2 c/s) which were assigned to the 3- and 
5-protons of a 1,2-disubstituted pyrrole. The remainder 
of the aromatic region was complex but from the integration 
against the N-methyl singlet, the presence of two pyrrole 
rings and one AA'BB' system was recognised. The compound 
was assigned the structure 1,2-bis(2-N--methylpyrroloyl) 
benzene (20). 
A similar product was obtained by MacDowell and 
Wisowaty as a minor product from thiophene-3,4-dicarboxylic 









4.1 GENERAL OBJECT OF INVESTIGATION 
This study of the reactions of.nucleophiies with 
quinones was initiated by the discovery of a double 
cyclisation by a diaminoalkane with 1,4-naphthoquinone. Some 
reactions of nucleophiles with quinones have been reported 
but there has been no attempt to compare or contrast the 
reactions of monocyclic, bicyclic and tricyclic quinones. 
The mechanisms of these reactions have seldom been disbussed 
but instead the products obtained have been reported with 
little comment about their formation. 
4.2 NUCLEOPHILIC AROMATIC SUBSTITUTION 
After the establishment of the SN2  mechanism of sub-
stitution at saturated carbon atoms by Hughes, Ingold and 
their co-workers't was often assumed that biiriolecular 
aromatic nucleophilic substitution occurred by an analogous 
one-step mechanism of synchronous bond-formation and bond-
breaking. The most important and vexed question in the study 
of nucleophilic aromatic substitution has been whether the 
bimolecular displacements are synchronous, one-step processes 
involving one transition state or two-step processes involving 
a tetrahedral intermediate, the formation or decomposition of 
which may be rate-determining. 	Considerable evidence con- 
sistent with the latter has been accumulated by Bunnet and 
his co-workers. 85 Bunnet and Zahier have also reported that 
one-step, SN2-like substitution at an aromatic carbon atom is 
quantum-mechanically improbable. 
Interest was renewed in Meisenheimer complexes, such 
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demonstration of their existence does not, of course, prove 
that such complexes lie on the reaction pathway. That they 
are isolated shows that they must be energy minima, i.e. not 
transition states. A number of relatively stable Meisenheimer 
complexes have been reported; that resulting from 2,4,6-tn--
nitroanisole and 'ethyl acetoacetate in the presence of 
t-hutoxide can be isolated (1). 
4.3 SUBSTITUTION REACTIONS OF p-BENZOQUINONE 
Nucleophilic substitution reactions of p-benzoquinone 
can be subdivided into the reactions of monofunctional and 
difunctional nucleophiles, the former providing some insight 
into the mechanisms of the latter. 
a) Mono-functional nucleophiles and p-benzoguinone 
The most general reactions between aliphatic and 
aromatic amines, primary and secondary, and p-benzoquinone 
have been established. 860 The ease with which an amino 
group enters the quinone nucleus depends upon the nature of 
the amine. p-Benzoquinone gives bis-adducts with primary 
arnines but with secondary amines it gives mono-amino de-
rivatives only. 91 ' 92 
Symmetrical di-(arylamino)benzoquinones are the normal 
products of reactions of quinones with arylamines. 	In a 
partly halogenated quinone, such as (2), a hydrogen atom is 
first replaced by an arylamino group, the second arylaminô 
group always entering the position para to that occupied by 
the first one as in Scheme XI. 	Thus, in these circumstances, 
hydrogen is a better leaving group than chloride. 
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The reaction between arylamines and quinones can be 
stopped at the monoarylaminobenzoquinone stage by working 
in weakly acid solution. 
With alkylamines, p-benzoquinone gives bis-(alkylamino)-
p-benzoquinones but with dialkylamines only the mono-amino 
derivatives are obtained. Increased branching in the alkyl 
chain, gives a slower reaction. 91 
The reactions of quinones.with sulphur compounds are 
very similar to those with amines and p-benzoquinones undergo 
one or two nuclear substitutions with ease to give 2-aryl-
(alkyI)thio or 2, 5-diaryl(alkyl)thio--p-benzoquinones. 93 
b) Bi-functional nucleophiles and p-benzoguinone 
2, 5-Bis(2-aminoethylamino)-p-benzoquiflofle (3) can be 
isolated from the reaction of 2,5-dimethoxy-p-benzoquinone and 
ethylenediamine under mild conditions. 94 The product is 
easily cyclised to the tetraazaanthracene derivative (4) which 
was reported by Harley-Mason as the product from 2,5-dichloro-
p-benzoquinone and ethylenediamine. 95 The reaction Scheme 
XII may be proposed. 
2-Aminopyridine undergoes a double condensation with 
p-benzoquinone to give 8-hydroxypyrido[1, 2-a]benzirnidazole 96 (5). 
In this reaction a steric factor must prevent the approach of 
the ring nitrogen. to the carbon atom of the quinone. 
Quinones usually act as oxidising agents towards 
o-aminophenols giving aminophenox.zones (6) and triphendiox-
azones (7) in which the quinone ring is not incorporated. 97 
Nitro-2-aminophenols, however, are not.oxidised but condense 
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nitrophendioxazones, 98 for which structures (8) and (9) 
have been given. 
These results require nucleophilic attack by the 
amine to be at the carbonyl group. However, the adduct of 
2-aininoethanol and p-benzoquinone, 99 "00  which is a tautomeric 
mixture of (10) and (11) in which the hemiacetal (ii) is pre- 
dominant, requires the amine to substitute ortho to the 
carbonyl group. This is consistent with the reactions of 
alkyl- and arylamines with p-benzoquinone. The correct 
formulation of product (8) must therefore be (12). 
o-Aminothiophenols condense with chioranil to give 
trichiorophenothiazines (14) which can condense with a 
further molecule of o-aminothiophenol to give a 1,4-thiazino 
[2,3-b]phen6thiazine (15), apparently via (13)1 1 The 
occurrence of condensation instead of oxidation, as found with 
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the o-aminothiophenols may be explained by the strong 
tendency of the mercapto groups to react with halogenated 
quinones: this may be illustrated by both chlorine atoms 
in 2,3-dichloro-1,4-naphthoquinone reacting with thiophenols 
while only one is replaced by an arylamine °2 ' 103 
4.4 SUBSTITUTION REACTIONS OF 1,4-NAPHTHOQUINONE 
Nucleophilic substitution of 1, 4-naphthoquinones 
occurs at the 2-position, e.g. 2,3-dichloro-1,4-naphtho-
quinone and p-nitroaniline condense, in the presence of 
pyri dine, to give 2-chloro-3-(p-nitroanilino )-1, 4-naphtho- 
quinones? °4 Bidentate ligands can therefore cyclise to 
give a linear or angular arrangement of rings by attack on 
C=C or C=O respectively. 
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o-Phenylenedjamine and o-aminophenol have been re-
ported to form a benzo[a]phenazine (16) and a benzo[a]phen-
oxazine (17) respectively with 2,3-dichloro-1,4-naphtho-
quinon04 The intermediate for these reactions must be (18). 
The condensation reactions of o-aminothiophenol with 
l,Li._naphthoquinones also give angular rather than linear pro-
ducts. However, in this case, two molecules of o-aminothio-
phenol condense with each molecule of the quinone to give 
(l9) 05 
One reaction which does not fit into the previous 
pattern is the condensation of 2-aminopyridine and 1,4-
naphthoquinones. This is dependent upon the substituents in 
the 2-position of the quinone. An angular product, 6b,1l-
diazabenzo [a] fluorene-5, 6-dione (21) is obtained from 2,3-
dichloro-1 1 4-naphthoquinone (20a) and 2-aminopyridine but for 
other 2-substituents, 20(b),(c) or (d), the product is 5,11b-
diazabenzo [b] fluorene-6,11-dione 10 (22). 
Mosby was unable to rationalise these results but 
proposed a mechanism, Scheme XIII, for the formation of (22). 
The initial attack on the ethoxy group rather than chlorine 
was rationalised by comparison with the product of the reaction 
of 2-ethoxy-3-chloro_1,4_naphthoquinc.ne with aniline which 
Fieser reported to be 2-phenylamirr-3-chloro-1,4_naphtho_ 
quinone 107 
An explanation was not proposed for the failure of 
2-aminopyridine to react with 2-acetamido-3-methoxy or 2,3-
di(methylthio)-1,4-naphthoquinone. 	In order for reaction to 















is very sterically hindered. 
4,5 STRUCTURE OF NAPHTHAZARIN 
Although the compound known as naphthazarin is 
commonly described as 5,8-dihydroxy-1,4-naphthoquinone, there 
has been some doubt as to its true structure. There is 
little difference in nuclear arrangement between the equivalent 
structures (23) and (24), and it seemed possible that these 
may have been canonical forms of a symmetrical structure such 
as (25). 	The representation (25) is superficially attrac- 
tive as a 167 electron type system round the periphery and a 
C=C across the middle. The outer system can thus be 
compared to a pyrene system. 
An infra-red stud3) failed to detect any 0-H stretching 
•band, whence it was deduced that each hydrogen atom must indeed 
be equidistant from the two oxygen atoms and that structure 
(25) is correct. SubsequentlP a broad band with vmax 
2920cm was identified with the 0-H stretching vibration; 
it was considered that a symmetrical 0-H-0 system should show 
a frequency of ca. 1800cm and thus conversely (25) was 
incorrect. 	 - 
The n.m.r. spectra, in chloroform solution, for 
naphthazarin and various related compounds have been reportedF 0 
Unsymmetrical derivatives show the number and pattern of 
signals expected from (23) or (24) but naphthazarin itself 
shows one signal only for the ring hydrogen atoms and thus 
the tautomerism is rapid on this time scale. 
Naphthazarin exists in three crystalline modifications 
which have been the subject of numerous studies. 11113 The 
phenolic hydrogen atom, which is involved in an intra- 
53 
molecular hydrogen bond between the phenolic and quinonoid 
oxygen atoms, appears to be non-symmetrically placed between 
them. This structure can be interpreted in terms of 
resonance between the Zwitterion contributors (26) and (27). 
54. 
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4.6 BENZOQUINONES AND ANINOTHIOLS 
Nucleophilic substitution of p-benzoquinones has been 
extensively investigated but little attention has been given 
to the reactions of p-benzoquinones and aminothiols. 
p-Benzoquinone gave a mixture of two products when 
refluxed with o-aminobenzenethiol. One product was identified 
as hydroquinone and the other compound, which had the 
molecular formula C12H9NSO, was either 3-hydroxyphenothia-
zine (28) or 2-hydroxyphenothiazine (29). 
The melting point corresponded to that reported for 
3-hydroxyphenothiazine which has been prepared by an unam_/ 
biguous route .U4 
Since 1,4-benzoquinones undergo one or two nuclear 
substitutions with ease to give 2-arylthio or 2,5-diarylthio-
1,4-benzoquinones, the intermediate in the formation of (28) 
must be 2-(o-aminophenylthio)-1, 4-benzoquinone (30). Nucleo-
philic substitution by the amine seems to be preferred at 
the carbonyl group rather than the C=C bond. 
The condensation of o-aminobenzenethiol and chioranil 
has been investigated by Mine and Kagaku 	Repeating this 
experiment with an excess of o-aminobenzenethiol, two pro-
ducts were obtained. The more soluble component was 
identified as 3H-1, 2, 4-trichloro-phenothiazine-3-one (31). 
The other product was a green solid with molecular ions at 
388 9 390 and 392 (indicating two chlorine atoms) and molecularj 
formula C18H10C12N2S. The infra-red spectrum showed an 
N-H stretch but no carbonyl group. The compound was thought 












Mine and Kagaku obtained only (31) from this reaction-
but on heating (31) with excess o-aminobenzenethiol, the 
product was identified as 6,13-dichlorobenzo[1,4]thiazine 
[ 2 ,3-b]phenothiazine (33), the oxidised form of (32). 	This 
anomaly can be explained by the nitrobenzene recrystallisation 
of their product, isolated as (32) but on recrystallisation 
was oxidised to (33). 	Heating (32) in nitrobenzene yielded 
(33). 
An extension of these reactions was the condensation 
of 2-aminoethanethiol and p-benzoquinone which yielded only 
one product. The mass spectrum had a molecular ion at mass 
236 with molecular formula C10H8N2S20. The product could 
have been formed by the condensation of two molecules of 2-
aminoethanethiol with one molecule Of the quinone. 
Condensation by the first molecule of 2-aminoethanethiol 
should be similar to that of o-aminobenzenethiol, leading to 
formation of 1, 4-benzothiazine-7-one (34). 
A double condensation by another molecule of 2-amino-
ethanethiol onto (34) to. give the product of mass 236 must 
therefore be at the 5- and 6-positions. From the previous 
results, nucleophilic attack by the thiol was faster than 
that by the amine and reaction of the former should occur at 
the position adjacent to the carbonyl group. 	Cyclisation 
onto the 5-position would yield the product, (35). 
This result can be contrasted with the condensation of 
two molecules of o-aminobenzenethiol with one molecule of 
1,4-naphthoquinone, the cyclisation step of each involved 
nucleophilic substitution of the carbonyl group by the amine. 
57 
The second mercapto group, in that reaction, could sub-
stitute at one position only which limited the cyclisation 
step to substitution of the C=O group. 
The second mercapto group, in the formation of (35), 
could substitute at either of two positions ortho to the 
carbonyl group of (34). 	Substitution has occurred exclusively 
at the 6-position which was analogous to a second substitution. 
of a2-alkylthio-1,4--benzoquinone. 	Cyclisation onto the 5- 
position rather than the carbonyl group may have been the 
result of the electronic effect of the 1,4-thiazine ring 
since any steric effect would be similar to that for the 
first cyclisation to give (34). 
Basing the structure of this product and its mode of 
formation solely on the molecular formula must necessarily 
involve much speculation but the structure assignment appears 
reasonable and, using various analogous condensations, the 
mode of formation postulated is not unlikely. 
4.7 1, 4-NAPHTHOQUINONES AND ETHYLENEDIANINE 
The condensation reactions of ethylenediamine and 
1,4-naphthoquinones were investigated using ethanol as 
solvent. The products precipitated from solution except 
when substituted ethylenediainines were used which yielded 
more soluble products. . 
An orange solid was obtained in high yield from 1,4-
naphthoquinone and .ethylenediamine. Mass spectral data 
showed a parent ion with mass 196 and molecular formula 
C12H8N20. The infra-red spectrum had no amino absorption. 










insolubility of the compound in spectroscopic solvents. On 
the basis of this evidence, the product was identified as 
6-hydroxybenzo[f]quinoxaline (36). 
The structural assignment conflicted with that of 
Ikedo who described the product of this reaction as 2-(2-
aminoethylaniino)-1,4--naphthoquinone (37).115 The mass 
spectrum and infra-red spectrum of (37) would differ from 
that of (36). 
In this investigation, the product was precipitated 
from solution when ethylenediainine was added to an ethanolic 
solution of 1,4-naphthoquinone. The ethanol contained only 
(36) and no evidence was obtained for the existence of (37) 
in the reaction mixture. 
Ikedo also reported the formation of 2-(2-aminoethyl-
amino)-3-chloro--1, 4-naphthoquinone frOm 2, 3-dichloro-1, 4-
rxaphthoquinone and ethylenediamine. This experiment was 
repeated but the mass spectrum of the product had molecular 
ions at mass 230, 232 (indidating one chlorine atom present) 
with molecular formula C 12H7C1N20. There was again no 
evidence from the infra-red spectrum for the presence of an 
amine and the product was therefore, 5-chloro-6-hydroxy-
benzo[ f] quinoxaline (38). 
Two products were formed from ethylenediamine and 
2-chloro-1,4-naphthoquinone. These were studied only by 
mass spectrometry, because of the difficulties in obtaining 
a physical separation. 	Identification was simplified be- 
cause the components in the mixture had very different 
volatilities in the mass spectrometer. 	The major component 






to that for (36). 	The minor component required a higher 
temperature for vaporisation and had parent ions at mass 
230 and 232 with a cracking pattern identical to that for 
(38). 
To determine the site of the initial attack by the 
amine, 2, 3-dichloro-1, 4-naphthoquinone and 1, 4-naphthoquinone 
were heated with N,N-diethylethylenediamine to yield 2-(2-
diethylaininoethyl)-3-chloro-1, 4-naphthoquinone (39a) and 
2-(2-diethylaminoethyl)--1, 4-naphthoquinone (39b) respectively. 
Benzo[f]quinoxalines have been reported from the 
reactions of 1,2-diaminonaphthalene with 1,2-dicarbonyl 
compounds, 116,117  a-ketoalcohols 8 and a-haloketones. 9 ' 12° 
Benzo[f]quinoxaline is the reaction product of ethylene-
diamine and 1,2-naphthoquinone -2 - and Lange prepared several 
substituted benzo[f]quinoxalines from reactions of 1-nitroso-
2-naphthol with aldehydes and amines. 2 The route from 
ethylenediamine and 1,4-naphthoquinone is considerably easier. 
4.8 MECHANISM 
Nucleophilic substitution by• the ethylenediamine 
molecule on 1,4-naphthoquinone was not at the carbonyl group 
but at the C=C bond; this was evident from the formation of 
(39a) and (39b). 	Elimination of a chloride ion was preferred 
to elimination of a hydride ion since the product retaining 
the chlorine atom was the minor product in the condensation 
of ethylenediamine and 2-chloro--1,4-naphthoquinone. This 
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The intermediate in the reaction of ethylenediamine 
and 1,4-naphthoquinone must be 2-(2-aminoethylamino)-1,4-
naphthoquinone. In this adduct cyclisation occurred 
exclusively at the carbonyl group since no linear tricyclic 
product was isolated. This can be explained by electron 
release by the 2-amino to the 3-position, thus reducing the 
reactivity towards nucleophilic substitution there. The 
difference in the chemical shifts of 1,4-naphthoquinone and 
2-substituted quinones supported this; thus the chemical 
shift of the 2-proton in 1,4-naphthoquinone is 3.05T but 
for 2-(2-aininoethyl N,N diethylarnino)- or 2-ethylamino-1,4-
naphthoquinone, the chemical shift of the corresponding 
proton was 4.31T. 
4.9 DIMERISATION OF 6-HYDROXYBENZO [f]QuIN0xALINE 
The attempt to make the acetate of 6-hydroxybenzof] 
quinoxaline by heating the compound overnight in acetic 
anhydride yielded a very insoluble, high melting solid. Its . 
mass spectrum had a molecular ion at m/e 390 and a large 
peak at m/e 195. The molecular formula of this product was 
C22H14N402 which suggested that dimerisation had occurred to 
give 6,61-dihydroxy-5,51-bis-benzollf]quinoxaline (40). 
A similar reaction is the dimerisation of -naphthol 
(41) to 2:2 1 -dihydroxydinaphthyl (42). 1-23  
4.10 1,4-NAPHTHOQUINONES AND AMINOTHIOLS 
The condensation of o-aminothiophenol and 2,3-dichioro-
1,4-naphthoquinone has been reported and the product character-






1,4-naphthoquinone with 2-aminoethanethiol was investigated. 
A three component mixture was formed when o-aminothio-
phenol was heated with 2,3-dichloro-1,4-naphthoquinone. The 
products were separated by chromatography. 
The first fraction was a yellow solid identified as 
o-aminophenyldisulphide (43) and formed by the dimerisation 
of o-arninobenzenethjol. 
The second component had a molecular ion at m/e 368 and 
molecular formula C 22H12N2S2 which suggested the structure 
benzo[a] -1 , 4-benzothiazino[  3, 2-c]phenothiazine (19). 	Fries 
and Ochwat105 isolated (19) as a salt which explains the 
discrepancy in melting point reported by Van Allan and 
Reynold 1 who obtained the product by the above reaction. 
An orange solid was a minor component. This was 6-
chloro-5H-benzo[a]pheno -thiazjn_5_one (44) as reported by 
Akatsuka et al., 124 when 2,3-dichloro-1,4-naphthoqujnone was 
treated with o-aminothiophenol in hydrochloric acid. This 
latter product was not isolated by Van Allan and Reynolds 
and its isolation means that it is not easily reduced since 
the reduced product would be unlikely to react with another 
molecule of o-aminothiophenol. The reduced form could be 
compared with 6-hydroxy-benzo[f]quinoxajjne which does not 
react with ethylenediamine. 
An improved yield of benzo[a]-1,4-benzothjazino[3,2_c] 
phenothiazine (19) was obtained when o-aminothiophenol and 
2,3-dichloro-1,4-naph -bhoquinone were heated overnight in 
pyridine. 






react with metals to form metal complexes. 	However, thermo- 
lysis and photolysis with a variety of metal carbonyls failed 
to induce a reaction. 
2-Aminoethanethiol and l,Li.-naphthoquinone, when heated 
in N,N-dimethylaniline, yielded one product. 	The mass 
spectrum showed molecular ions at mass 268, 270 and molecular 
formula C14H8N2S2 . This compound must be either (45) or 
(46). 	Structure (45) was assigned to the product rather 
than (46) by comparison with the reaction of o-aminobenzene-
thiol and 1,4-naphthoquinones. 
If the structure assigned to the product was correct, the 
condensation •of the first molecule of 2-aminoethanethiol with 
1,4-naphthoquinone could take place either at the carbonyl 
group or the C=C bond. By analogy with the condensation of 
ethylenediamine and 1,4-naphthoquinone, the initial substit-
ution would be at the 2-position of 1,4-naphthoquinone followed 
by condensation onto the carbonyl group and aromatisation of 
the heterocyclic ring. 
However, unlike the ethylenediamine reaction further 
condensation occurred which would require 6H-naphtho[ 2,1-b] 
[]-,4]thiazine-6-one (47) as intermediate. 
4.11 NAPHTHAZARIN AND ETHYLENEDIANINE 
The uncertainty about the structure of naphthazarin 
prevents its reaction products being easily predicted but a 
study of its reactions with ethylenediamine should provide 
some chemical information on this point as well as providing 



























A solution of ethylenediamine and naphthazarin in 
chlorobenzene, at room temperature overnight, changed colour 
from purple to green and a dark solid was precipitated. The 
mass spectrum of the high melting solid had a molecular ion 
at mass 264 with molecular formula C 14H8N402 . The compound 
was not sufficiently soluble to obtain an n.m.r. spectrum. 
There were three possible structures for this compound, (48), 
(49) and (50), based only on the mass spectral evidence. 	A 
minor product was isolated from the chlorobenzene solution. 
This solid had a molecular weight of 232, molecular formula 
C12H12N203 and probably has the structure 6,7,10-trihydroxy-- 
1,2,3, 4-tetrahydrobenzo[f]quinoxaline (51). 	Since (51) was 
the minor product, it could be an intermediate in the 
formation of the major product. 	Oxidation of (51) would 
enable reaction with another molecule of ethylenediamine to 
yield, after oxidation, (48), (49) or (50). 	If the inter- 
mediate in the formation of the tetracyclic major product 
was the oxidised form of (51), 6,7-trihydroxy--benzo[f] 
quinoxaline (52), this latter compound has three possible 
tautomers (53), (54) and (55). 
The tautomer (53) is similar to the possible tautomer 
of 6-hydroxybenzo[f]quinoxaline (56). However 6-hydroxybenzo 
]quinoxaline did not react further with ethylenediamine 
suggesting that the tautomeric form'was not a stable species. 
By analogy, the hydroxyl group on the 6-position of (52) does 
not tautomerise. Hydrogen bonding of the carbonyl group 
of (54) would stabilise this tautomer and condensation with 
ethylenediamine would yield 6, l2-dihydroxyquinoxaline{ 7,8-h] 
quinoxaline (48). 
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The most stable of the three tautomers of (52), based 
on these rather tentative deductions, was (54) and the major 
product obtained would be 6,12-dihydroxyquinoxaline [7,8-h] 
quinoxaline (48). 
Despite the lack of evidence on which to assign 
structures to the products, the condensation of two molecules 
of ethylenediamine with naphthazarin has shown that 
naphthazarin has not behaved as a 5,8-dihydroxy-1,4-naphtho-
quinone, which would have yielded (52), but that its behaviour 
agrees with the structure proposed by Cradwick and Hall. 
• 	They interpreted the structure of naphthazarin in terms of 
• 	resonance. between the zwitterion contributors (26) and (27), 
•  
and obtained their evidence from X-ray studies. 113  
4.12 REACTIONS OF BENZO[a]PHENAZINES 
- 	 The condensation of 1,4-naphthoquinones with ethylene- 
diainine was analogous to that with o-phenylenediamine which, 
in acetic acid, yielded 5-hydroxybenzo[a]phenazines (57)•125126 
Repeating Ott ?S experiment125 with' o-phenylenediamine 
and l,Li.-naphthoquinone but using ethanol as solvent, an 
improved yield of 5-hydroxy-benzo[a]phenazine (57, R=H) was 
obtained. That this compound was a system in tautomeric 
equilibrium followed from the observations by Kehrmann and 
Messinger who heated its sodium salt under reflux with 
methanolic methyl iodide and obtained a mixture of 5-methoxy-
benzo[a]phenazine (58) and 7-methyi-5-benzo{a]phenazinone (59) 
21 
An attempt to form the N-oxide of 5-hydroxybenzo[a] 
phenazine (57, R=H) by heating it with peracetic acid or 
monoperphthalic acid, yielded an orange product, with a 
65 
molecular weight two mass units greater than the starting 
material. The molecular formula of the product was 
C16H12N20. 	There were significant differences in the n.m.r. 
spectra of this compound and 5-hydroxybenzo[a]phenazine. 
In the mass spectrum, the reaction 
	
248k 	> 220 + co 
is observed. This reaction could arise from the carbonyl 
group in a structure such as (60) and the fragmentation may 






However the mass spectrum of 5-hydroxybenzoa]phenaz-
the also. had a large (p - 28) peak corresponding to a loss 
of CO, i.e. 
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The product of mass 248 can therefore have one of 
three possible structures. 	Two of these, (61) and (62), 
result from a ring opening while the third (63) requires a 
reduction of the starting compound. 	This latter reaction 
was most unlikely to occur in the oxidising conditions of 
the reaction and (63) can be eliminated as a possible 
structure. 
In an attempt to decide between the remaining structures 
(61) and (62) 5-hydroxy-6-chloro --benzo[a]phenazine (57, R=C1) 
was heated with peracetic acid. Addition of water yielded 
a yellow precipitate. This product had molecular ions at 
314, 316 and 318 (indicating the presence of two chlorine 
atoms) and the molecular formula C 16H8C12N2O; this must be 
formed by the chlorination of 5-hydroxy-6-chloro-benzo[a] 
phenazine, and can be regarded as an ct-chloro ketone (64). 
The ring at which reaction is most likely to occur 
is the one containing the hydroxyl group and hence ring 
opening by the oxidising agent would yield (61). 
Oxidation of 6-pyridiniumbenzo[ a]phenazine -5-oxide 
(65), prepared by the condensation of 2,3-dichloro-1,4-
naphthoquinone and o-phenylenediamine in pyridine, has been 
used to prepare 5,6-benzo[a]phenazinequinone (66?P 
Heating (66) with ethylenediamine gave benzo[a]pyrazine 
[ 2 ,3c]phenazine (67). 
The condensation of ethylenediamine and 5,6-benzo[a] 
phenazine, quinone can be compared with the preparation of 






























5.1 GENERAL OBJECT OF INVESTIGATION 
The study of the nucleophilic substitution reactions 
of 1,4-quinones was extended to an investigation of the 
nucleophilic substitution of quinizarin (1) which, under 
certain circumstances, can be regarded as a 1,4-quinone (2) 
or a substituted naphthazarin. 
The investigation of the reactions of quinizarin 
included substitution reactions of halogenoquinizarins and 
led to a study of the nucleophilic substitution of some 
chioroanthraquinones. 
5.2 QUINIZARIN 
The hydroxyl groups in quinizarin can be replaced by 
nucleophiles but the reactions are generally effected using 
a mixture of qulnizarin and leucoquinizarin. Leucoquinizarin 
can be written in two main tautomeric forms (3) and (4) but 
( 
n.m.r. studies support structure (3) for the non-ionised corn-
pound. Under basic conditions, ionisation occurs to give the 
ionised resonance hybrids (5) and (6) corresponding to (3) and 
(4); (7) which isa fully ionised form of (5) and (6) should 
also be considered under very basic conditions. 127 
With a nucleophile such as an alkylamine, a replace-
ment reaction involving positions 1- and 4- occurs. 	This 
can be represented as going via a 1,2-addition to the 
carbonyl group in (6). 	This reaction of leucoquinizarin 
with an amine gives as product the leuco form of the 1,4-
diaminoanthraquinone and an oxidation step is required to 
yield the 1,4-diaminoanthraquinone. This is avoided, or at 
least the amount of the leuco product present minimised, in 
practice by using a mixture of quinizarin and leucoquinizarin 
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in the reaction. This has the result that the leuco product 
is oxidised by the quinizarin and the leucoquinizarin thus 
produced reacts.with more amine etc. 	Thus, although the 
reaction appears to be the replacement of the hydroxyl group 
of quinizarin by amine, the quinizarin is present only as an 
oxidising agent and a source of more leucoquinizarin. 
Studies were made on the reactions of leucoquinizarin 
and diaminoalkanes by several groups of workers. 
Leucoquinizarin reacts with diaminoalkanes to give 
1, 4-bis(alkylamino)anthraquinones. 	Simon reported the pre- 
paration of two compounds of this type and assigned the 
structures 1, 4-di(2-aminoethylamino)anthraquinone (8a) and 
1, L-di(2-ethylaminoethylamino)anthraquiflone (8b) 
•128  Simon 
and Waller129 reformulated the product described as (8a) 
as 6-(2-aminoethylamino)-1, 2,3, 4-tetrahydronaphtho[ 2,3-fl 
quinoxaline-7,12-dione (9). 
Greenhalgh and Hughes130 confirmed this result but 
also isolated (8a) from the reaction of leucoquinizarin and 
ethylenediamine. This compound could not be ring closed to 
(9) except by converting it to the leuco compound. Their 
explanation for this result was that, under basic conditions, 
the leuco compound functions as the di-imino form (10) which 
undergoes 1,14-addition with one of the primary amino groups 
and the intermediate (11) is tautomerised to (9). 
5.3 QUINIZARIN QUINONE 
Quinizarin quinone (12) is not a very stable compound 
and is obtained by the oxidation of quinizarin with lead 
tetraacetate. 	It shows great affinity for nucleophiles 









which react by 1,4-addition to the quinone to give 2-sub-
stituted quinizarins. 
It is possible that many reactions of quinizarin 
with nucleophiles also go via quinizarin quinone, e.g. the 
reaction of quinizarin with aniline in nitrobenzene to give 
2-anilinoquinizarin. 131 Quinizarin quinone is possibly also 
the intermediate in the reported reactions involving bridge-
head positions. These are the chlorination of quinizarin 
in acetic acid at 20 0C to give (13)132 and the bromination 
in acetic acid in the presence of lead tetraacetate to give 
(14). 133 In these cases, addition to the 9a, 10a double 
bond of quinizarin quinone would seem to be occurring. 
5.4 QUINIZARIN BORIC ESTERS 
The product of quinizarin and boroacetic anhydride, 
first reported by Dimroth and Faust in 1921, was formulated 
as C22H18B2012 and assigned the structure (15).134 
The ease with which it is possible to aminate the 
boric esters of quinizarin in the -position of the anthra-
quinone nucleus is clearly due to the strong electron-
accepting action of the chelate rings which extends to 
positions 2 and 3. 	It is however possible to obtain a 1,4- 
disubstituted anthraquinone when oxygen is excluded from the 
axnination of the boric esters of quinizarin. 	This can be 
explained by the reversible nature of the direct amination 
of hydroxyanthraquinone and which rests upon the fact that 
the amino group which enters position 2 can be removed by 
reduction of the amination product. Thus 2-anilinoquini-
zarin (when heated with boric acid, zinc and aniline hydro- 
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chloride in aniline) is converted into 1,4-dianilinoanthra-
quinoflJ35 
5.5 CHLOROANTHRAQUINONES 
Chioroanthraquinones react more readily with nucleo-
philes than anthraquinone, the chlorine atoms being replaced. 
Ullmann and Foder described the reaction of l-chloro-
anthraquinone (16) with o-nitroaniline to yield l-(o-nitro-
phenylamino)-anthraquinone (17) which can be cyclised by 
sodium sulphide to give 5,14-dihydro-naphtho[2,3-a]pheflaZifle -
8,13-dione (18) •]36 
Kolliker and Caveng investigated the reactions of 1- 
chioroanthraquinone with various amines. 137 A cyclised 
product, 1,2,3, 4-tetrahydronaphtho[ 2,3-f] quinoxaline-7, 12-
dione (19), was obtained with ethylenediamine. With N-
methylethylenediamine, the 4-methyl derivative (20) was 
obtained. 
Several very interesting results were obtained when 
they reacted cis-1,2-diaminocyclohexane and trans-1,2-
diaminocyclohexane with l-chloroanthraquinone; the former 
giving cis_l_(2 1 _aminocyclohexylamino)aflthraqUinOne (21) 
after 1.5 hrs at 90-950 and cis-1,2-(1 1 ,2 1 -diaminocyclohexYl) 
anthraquinone after 4.5 hrs at 110-1150 (22) and the latter 
yielding a mixture of the trans isomer (21) and 1,10-anthra-
quinone-2' , 3'-dihydro-2' ,3 1 -tetrarnethyldiazepine (23). 
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5.6 QUINIZARIN AND DIANINOALKANES 
The reaction of ethylenediamine and quinizarin has 
not been investigated although the reaction of ethylene-
diamine and various hydroxyanthraquinones to give unknown 
coloured products was patented in 1929. 138 
The reaction of ethylenediamine and quinizarin gave 
a mixture of two purple products which were separated by 
chromatography. 
One component was identical to that compound described 
by Greenhalgh and Hughes 13° when leucoquinizarin was treated 
with an excess of ethylenediamine followed by an oxidation 
step. 	The mass, n.m.r. and ultra-violet spectra were con- 
sistent with the structure 1,4-di-(2-aminoethylaznino)anthra-
quinone (24). 
The other componenthad a visible absorption spectrum 
at a lower wavelength. The parent ion of mass 280 in the 
mass spectrum had a molecular formula C 16H12N203 . The 
aromatic part of the n.m.r. spectrum was characteristic of 
a phthaloyi group and there was a peak from a single un-
coupled proton. Two lowfield labile peaks were also present 
from protons which could hydrogen bond to the carbonyl groups. 
A third labile peak was under the aromatic peaks. A group 
of aliphatic peaks at 6.4'r integrated for four protons. This 
spectrum was consistent with 6-hydroxy-1, 2,3, 4-tetrahydro-
naphtho[ 2, 3-f]quinoxaline-7, 12-dione (25). 
The structure of the intermediate in the formation of 
(25) was determined by heating quinizarin with N,N-diethyl-
ethylenediamine in chlorobenzene. The purple product was 
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identified as i-( 2 —diethylainino ethyl )-4-hydroxyanthraquinone 
(26) and thus the intermediate in the formation of (25) was 
1-(2-axninoethylamino )-4-hydroxyanthraquinone (27); replace-
ment of the hydroxyl group was preferred to substitution at 
the 2-position. 
Cyclisation to (25) has occurred because the inter-
mediate (27) could enolise to the imino form (28) giving an 
electron deficient site at C-2. Nucleophilic attack by the 
amino group on C-2 gave (25). 
No cyclised product resulting from the 1,4-diamine 
(24) was isolated. 	The interrrrediate in any cyclisation 
would be the di-imine (29)which would be an unstable inter--  - 
mediate. There would be a high energy barrier to its 
formation and hence to a cyclised product. 
The hydroxyl group of (25) was not substituted by 
ethylenediamine and the effects of the substituents in the 
1- and 2-positions must have been to inhibit substitution of 
the hydroxyl group. 
5.7 QUINIZARIN DIBOROACETATE AND ETHYLENEDIANINE 
The reaction of ethylenediamine and quinizarin di-
boroacetate was studied in ethylacetate in which the latter 
• is stable. One product was isolated and was identified as 
6-hydroxy-1, 2,3, 4-tetrahydronaphtho[2, 3-f]quinoxaline (25). 
It is of interest to know whether the reaction proceeded by 
initial replacement of the group in the 1-position or sub-
stitution in the 2-position. 
Nucleophilic substitution by amines on quinizarin 
diboroacetate takes place at the 2--position as demonstrated 
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by Kurdyumova who obtained 2-anilinoquinizarin from 
quinizarin diboroacetate and aniline. 139 
Quinizarin diboroacetate could be assigned the 
structures (30) or (31). 	The chemical shift of the 2,3- 
protons in quinizarin was 2.71 and in quinizarin quinone the 
value was 3.1T. 	The chemical shift of the 2,3-protons in 
quinizarin diboroacetate was, however, 2.6T which was com- 
patible with the 2,3-protons in (30). 	The n.m.r. evidence 
was in conflict with the chemical evidence since the chlori-
nation of quinizarin diboroacetate yields 5,8-dichioroquini-
zarin 0 whereas the chlorination of quinizarin gives 2,3-
dichloroquinizarin. 132 Thus, from the chemical evidence, 
(31) was the favoured structure. 
The intermediate in the reaction of ethylenediamine 
and quinizarin diboroacetate was probably 2-(2-aminoethyl-
amino)quinizarin diboroacetate and cyclisation onto the 1-
position yielded (25). 
5.8 HALQGENOQUINI ZARINS AND DIANINOALKANES 
The investigation of the reactions of ethylenediainine 
and quinizarin was extended to dihalogenoquinizarins. 
2,3-Dibromoquinizarin (32) and ethylenediamine gave . 
/ 
one product, a purple solid. 	The mass spectrum had two 
parent ions of equal intensity at m/e 358, 360 indicating the 
presence of one bromine atom. These ions had the molecular 
formula C16H11BrN203 .. N.m.r. confirmed the structure as 5-
bromo-6-hydroxy-1, 2,3, 4-tetrahydronaphtho[ 2, 3-f] quinoxaline-
7,12-dione (33). 












substitution on the 1- or 2-position of (32) with subsequent 
cyclisation. 	N,N-diethylethylinediamine was used to dis- 
cover the reaction path. 
The product from 2,3-dibromoquinizarin and N,N-di-
ethylethylenediamine was an oil from which red needles 
crystallised on addition of pet-ether. 	This solid had parent 
ions of m/e 432, 434 in the mass spectrum. 	N.m.r. confirmed 
that the product was 2-(2-diethylaminoethyl)-3-bromo-
quinizarin (34). 
The isolation of only one product means that substitution 
of 2,3-dibromoquinizarin by amines occurred exclusively at 
the 2-position. With ethylenediamine, cyclisation of the 
intermediate 2-(2-arninoethylamino)-3-bromoquinizarin (35) by 
nucleophilic displacement of the hydroxyl group resulted in 
the formation of (33). 
Nucleophilic attack by ethylenediamine on 2,3-dibromo-
quinizarin was at the 2-position with displacement of bromine 
ion rather than at the hydroxyl group. This cannot be 
explained in terms of electron withdrawal by the carbonyl 
groups since one is ortho to the hydroxyl group and the other 
is para to the bromine atom. 	One factor influencing the 
substitution is that the bromine ion is a better leaving 
group than the hydroxyl ion since the C-Br bond is weaker 
than the C-OH bond but the most important factor must be the 
steric release when one of the eclipsed bromine atoms is 
substituted. The bromine atoms are in a sterically crowded 
position and replacement by a small nucleophile such as an 











occurs for the hydroxyl group. 
The steric effect which favoured substitution of one 
bromine atom does not operate in the intermediate (35) to 
give cyclisation onto the 3-position. The bromine atom 
in the 3-position must have some steric effect because of 
its size and this could prevent the orientation of the side-
chain necessary for cyclisation to that position. 	The 
hydroxyl group is hydrogen bonded to the quinone group 
thereby ensuring a minimum steric effect at the 1-position. 
The intermediates (36) and (37) for a linear or 
angular cyclisation differ in conjugation, the open conju-
gation system (37) being inherently more stable than cross-
conjugated system (36) because of greater delocalisation. 
The effect of these factors was to favour cyclisation 
of (35) to (33). 
The condensation reaction of 2,3-dichloroquinizarin 
and ethylenediamine was also investigated. 	One product, 
5-chloro-6-hydroxy-1, 2,3, 4-tetrahydronaphtho [2, 3-f] quinoxaline-
7,l2-dione (38), was obtained. 	The factors favouring the 
formation of (38) would be similar to those influencing the 
corresponding bromo compound (33) although the steric release 
from replacement of a chlorine atom would be less than for 
the eclipsed bromine. 
The reactions of 2-chloroquinizarin and 2-bromo-
quinizarin with ethylenediamine were studied. 
2-Chloroquinizarin gave a mixture of two products when 
heated with ethylenediamine in chlorobenzene. These were 









The first fraction was identified as 5-chloro-6-
hydroxy-1, 2,3, 4-tetrahydronaphtho [ 2,3-f] quinoxaline-7, 12-
dione (38) and the second fraction was 6-hydroxy-1,2,3,4-
tetrahydronaphtho[ 2, 3-f]quinoxaline-7, 12-dione (25). 	The 
yield of (25) was almost five times that of (38) and there-
fore nucleophilic substitution of chlorine was the preferred 
reaction but some attack on the 3-position has occurred 
although the chlorine ion is a much better leaving group 
than the hydride ion. 
One product was obtained from 2-bromoquinizarin and 
ethylenediarnine. 	This was 6-hydroxy-1, 2,3, 4-tetrahydro- 
naphtho[ 2, 3-f]quinoxaline-7, 12-dione (25). 	Substitution 
has thus taken place exclusively at the halogen atom unlike 
the reaction of 2-chioroquinizarin. 	This is in agreement 
with bromine being a better leaving group than chlorine. 
Ethylenediamine could condense with 5,8-dichloro-
quinizarin (39) to replace chlorine and/or hydroxyl groups. 
Only one product was obtained. This purple solid had 
molecular ions at m/e 348, 350 and 352 (indicating two 
chlorine atoms in the molecule) with the molecular formula 
C16H10C12N2O3 . The compound was thus 8,ll-dicliloro-6-hydroxy-
1,2,3, 4-tetrahydronaphtho[ 2, 3-f] quinoxaline-7,l2-dione (40). 
This was a surprising result since aniline replaces 
the chlorine atoms of 5,8-dichloroquinizarin to yield a 
5,8_dianilinoquinjzarjn. 141 The driving force for the 
ethylenediainine reaction may have been that a concerted re-
action occurred. 	If an intermediate was formed, this would 
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quinone. 	Cyclisation onto the 2-position to give a 
naphtho[2,3-f]quinoxaline, with no further condensation onto 
the cyclised product (40), followed the same pattern as the 
reaction of quinizarin and ethylenediamine. However unlike 
the reaction with quinizarin, intramolecular condensation 
occurred to the exclusion of further intermolecular conden-
sation.. The effect of the other substituents in (40) must 
therefore have been to deactivate the chlorine atoms and the 
hydroxyl group to further nucleophilic substitution. 
A complication in the rationalisation of the results 
of the reactions of ethylenediamines and halogenoquinizarins 
was the reaction of 2,3-dibromoquinizarin and N,N'-dimethyl- 
ethylenediamine. The expected product was 5-bromo-2,3-dihydro-
1, 4-dimethyl-6-hydroxynaphtho [2, 3-f] quinoxaline-7, l2-dione 
(41). The purple product obtained from this reaction had 
a molecular ion of mass 294 with molecular formula 
C17H14N203 . 	The n.m.r. spectrum had an AA'BB' system with a 
singlet at 4.02T from a ring proton but the aliphatic region 
contained only one N-methyl group at 7.02T as well as multip- 
lets at 6.40T and 6.55T. 	These spectra were consistent with 
both l-methyl-6-hydroxy-1, 2, 3-trihydronaphtho[ 2,3-f] quinoxaline-
7, 12-dione (42), and 4-methyl--6-hydroxy-1, 2, 3-trihydronaphtho 
[2, 3-f]quinoxaline -7,l2-dione (43). 
The first step in the reaction of ethylenediamine and 
2,3-dibromoquinizarin was shown to be replacement of a 
halogen atom rather than a hydroxyl group. Thus the first 
step in the reaction with N,N'-dimethylethylenediamine would 
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bromine ion to give a compound with the structure (44). 
If the second bromine atom was displaced when the C-N bond 
was being formed, the intermediate would be (44a). 	The 
nitrogen atom has a tetrahedral arrangement of its lone 
pair and three groups attached to it and (44) can thus have 
the configurations (45) or (46). 
The intermediate (44b) would have a greater steric 
effect between the methyl group and the bromine atom in con-
figuration (46) than the steric effect of the lone pair and 
the bromine atom of (39). 	Thus the intermediate containing 
the bromine atom, (44b), would exist in configuration (45). 
There would remain some degree of electrostatic inter-
action between the lone pair and the bromine atom which 
would result in a polarisation of the C-Br bond. This polar-
isation would operate when the amine approached the ring to 
displace the first bromine atom. The environment about the 
2-position would be crowded when the amine approached and 
before the C2-Br bond was broken and the C 2-N bond was made. 
This crowding must enhance the polarisation of the C 3-Br bond. 
The intermediate which cyclised onto the 1-position was 
therefore (44a). 	The preference was for substitution onto 
the 1-position by elimination of a hydroxyl ion rather than a 
hydride ion. 
The methyl group attached to the nitrogen of the side- . / 
chain may have been eliminated as the leaving group when the 
C-N bond was being made or after the cyclisation step. 	The 







The bond energy for a C-N bond is 72.9 kcal/mole 
whereas for the N-H bond it is 93 kcal/mole 142 and if this 
were the only deciding factor, the N-C bond of (47) would 
be preferentially broken. There are two N-C bonds which 
could be cleaved; one is the side-chain and the other the 
methyl group. 
The methyl group may have been eliminated after the 
cyclisation step thereby requiring the 1,4-dimethyl compound 
(41) to have been formed. 
This was tested by repeating the reaction under milder 
conditions. 	To induce a reaction, it was necessary to heat 
the solution to 500C. A small amount of solid precipitated 
out on dilution with pet-ether. This purple solid had a 
molecular ion at m/e 308 (nobromine atoms) with molecular 
formula C18H16N203 . 	The n.m.r. spectrum confirmed the 
product as 1, 4-dimethyl-6-hydroxy-2, 3-dihydronaphtho[.2, 3-f] 
quinoxaline (41). 
The major product from this reaction was the mono-
methyl compound obtained previously which demonstrated that 
one methyl group from (41) and also the halogen atom were 
eliminated with ease. 
The loss of a methyl group from a methylaminoanthra-
quinone is not an unknown phenomenon. l-Chloroanthraquinone, 
when treated with dimethylamine, yields l-dimethylaminoanthra-
quinone (48a) which on heating loses a methyl group to give 
1-methylaminoanthraquinone (48b). 14 The driving force for 
this reaction may be the strongly hydrogen bonded nature of 
the product but, if methane is lost, the source of hydrogen 
is not obvious. 
The product from the reaction of 2,3-dibromoquinizarin 
and N,N'-dimethylethylenedianiine was, by comparison with the 
above result, 4-methyl-6-hydroxy-1, 2,3, 4-tetrahydronaphtho 
[2,3-f]quinoxaline-7,12-dione (42). 
The reaction was repeated with 2,3-dichioroquinizarin 
and N,N'-dimethylethylenediamine and the product was again 
(42). 	Repeating the reaction under milder conditions, a 
small amount of the 1,4-dimethyl compound (41) was obtained 
as well as the mono-methyl compound (42). 
5.9 QUINIZARIN AND AJVJINOTHIOLS 
The investigation of the reactions of quinizarins and 
bifunctional reagents was extended to the study of the 
reactions of various 1,4-dihydroxyanthraquinones with 
aininothiols. 
2-Aminoethanethiol was available only as its hydro-
chloride which did not undergo condensation reactions. The 
free base could not be readily obtained by dissolving the 
salt in carbonate solution and extracting with a polar 
solvent. By using a tertiary amine, such as N,N-dimethyl-
aniline, as solvent for the reactions, the free base was 
liberated as a result of the equilibrium present in the 
solution:- 
Ph NMe2 + H3NCH2CH2SH Cl ___ Ph NUNe 2 Cl + H2NCH2CFI2SH. 
Quinizarin and 2-aminoethanethiol yielded a mixture of two 
products which were separable by chromatography. 
The first fraction was a purple solid which, from the 
spectroscopic evidence, could be either 2,3-dihydro-6-hydroxy- 














1H-anthra[2,1-b]1,4]thiazine-7,12-dione (49) or 2, 3-dihydro-
6-hydroxy-4H-anthral, 2-b ][1, 4 ]thiazine-7, 12-dione (50). 
It was not possible to distinguish spectroscopically 
between these structures but a comparison of the product 
from quinizarin and o-aminothiophenol which has been showTi 
to give 7-hydroxy-14H--naphtho {2,3-a]phenothiazine -8,13-dione 
,144 (51). 	The condensation reactions of 2-aminoethanethiol 
and o-aminobenzenethiol would be expected to be similar 
and thus the product from quinizarin and 2-aminoethanethiol 
was assigned the structure (49). 
The second fraôtion was a red solid which was in-
sufficiently soluble in spectroscopic solvents for an n.m.r. 
spectrum. 	The mass spectrum had molecular ions at 313, 315 
showing an isotopic pattern for one sulphur atom. The 
molecular formula of these ions was C 16H11NS04 and the com-
pound was undoubtedly 2, 3-dihydro-5, l2-dihydroxy-1H-naphtho 
2,3-9]Ij1,4] thiazine-6,11-dione (52). 	This was a minor 
product but did provide an indication of the mechanism which 
is discussed later. 
Two products were also obtained from 2-chloroquini-
zarin and 2-aminoethanethiol. These were separable by 
chromatography. 
One component was a purple solid with n.m.r. and mass 
spectra identical to that for 2,3-dihydro-6-hydroxy-4H-anthra-
[2,1-b][1,4]thiazine-7,12-dione (49) •thereby showing that 
this product was (49). 
The minor component was a red solid and gave molecular 













molecular formula was C 18H16N2S203 and the product was 
formed by reaction of 2,3-dihydro-5,12-dihydroxy-4H-naphthO 
[2,3-9][1,4]thiazine-6,11-dione (52) with another molecule 
of 2-aminoethanethiol. Thiols do not readily displace 
hydroxyl groups and the compound was therefore thought to be 
either 2, 3_dihydro_5_(2_aminoethaflethiOl)-12-hydroXY-4H-
naphtho[2, 3-g][l, 4]thiazine-6, 11-dione (53) or 2, 3-dihydro-
5_hydroxy_l2_(2-aminoethaflethiOl)-4H-flaPhthO[ 2,3-g][l, 4] 
thiazine-6,11-dione (54). 	It was not possible to distinguish 
between these structures. 
The products from 2,3-dibromoquinizarin and 2-amino-
ethanethiol were separated by chromatography. 	One products 
was identified as 2, 3-dihydro-5, l2-dihydroxy- 14H-naphtho 
[2,3-9] [l,4]thiazine-6,ll-dione (52) and the other was either 
(53) or (54). 
A comparison with the reactions of o-aininothiophenol 
and quinizarins was made by heating 2,3-dibromoquinizarin 
with o-aminobenzenethiol in chlorobenzene. This gave a 
two component mixture which was separated by their differing 
solubility. 	One component was isolated by its insolubility 
in chlorobenzene and identified by mass spectrometry. The 
compound was 6, 13-dihydroxy-l4H-naphtho[ 2, 3-b]phenothiazine- 
7,12-dione (55). 	The other component gave a molecular 
ion at mass 468 with molecular formula C 26H16N2S2O3 . This 
product resulted from the reaction of (55) with another 
molecule of o-aminobenzenethiol and, by employing the same 
argument used with 2-aminoethanethiol, has been assigned the 
structure 6_( o_arninothiophenol)_13_hydroxy_14H-naphtho[2, 3-b] 
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phenothiazine-7, l2-dione (56) or 6-hydroxy-13-(o-aminothio -
phenol)-14H-naphtholi 2, 3-b]phenothiazine-7, 12-dione (57). It 
was not possible to distinguish between these structures 
although steric effect from the ring N-H would be greater 
than for the sulphur atom thereby favouring structure (56) 
and similarly (54) would be preferred to (53). 
5.10 CONCLUSIONS 
The formation of two products from the reaction of 
quinizarin and 2-aminoethanethiol can be rationalised by 
assuming a common intermediate, 2-(2-thioethylamino) 
quinizarin (58), for both products. 	The major product 
resulted from cyclisation onto the 1-position with displace-
ment of hydroxyl ion. The minor product required elimin-
ation of a hydride ion which is a less favoured leaving 
group. 
The condensation of 2-aminoethanethiol with 2-chioro-
quinizarin must also have involved (58) as intermediate. 
The major product resulted from cyclisation onto the 1-
position and, since no product retaining the chlorine atom 
was isolated, nucleophilic substitution took place exclus-
ively at the 2-position with displacement of chloride ion. 
Elimination of a hydroxyl ion was again the favoured 
cyclisation step. 
The other product must have been formed by a linear 
cyclisation and reaction of this product with excess 2-
aminoethanethiol. 
Minor products resulting from a linear cyclisation 
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quinizarin and diamino alkanes. 
The results of the reaction between 2,3-dihalogeno-
quinizarins and 2-aininoethanethiol differ from those with 
ethylenediamine where the initial substitution of a bromine 
atom to give 2-(2--aminoethylamino)-3-halogenoquinizarin (54) 
was followed by cyclisation onto the 1-position with dis-
placement of a hydroxyl ion. 
If the intermediate in the reaction with 2-amino-
ethanethiol was 2-halogeno-3-(2-thioethylamino)quinizarin (60), 
the factors which favoured an angular cyclisation of (59) 
would also operate for this intermediate. 
If the intermediate was 2-(2-aminoethylthio)-3-
halogenoquinizarin (61), the thiol end would not be expected 
to substitute at the hydroxyl group and cyclisation with 
elimination of a halogen ion would be favoured. 
A comparison of the side chains of (59) and (61) show 
that a different reaction path would be expected since the 
thiol is a soft base and the amine a hard base - using the 
concept of hard and soft acids and bases propounded by 
Pearson. 150  
A similar interpretation of the results of the reactions 
of o-arninobenzenethiol with quinizarin and halogenquinizarins 
can be applied since the reactions of both 2-aminoethanethiol 
and o-aminobenzenethiol have followed the same pattern. 
5.11 QUINIZARIN AND DITHIOLS 
The results of the nucleophilic substitution reactions 
of quinizarin and halogenoquinizarins with diaminoalkanes 
and aminothiols follow a definitive pattern. The condensation 
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reaction of 2,3-dichlorOqUifliZarifl and toluene dithiol was 
investigated to attempt to expand this pattern of results. 
Two products were isolated from this reaction. An 
orange solid was obtained from the solvent and resulted from 
the self condensation of two molecules of toluenedithiol to 
give either 2,8_dimethyl-dibeflzotl1, 2,5,6]tetrathiocin (62) 
or 2,9_dimethyl_dibenzo[1,2,5, 6 ]tetrathiocin (63). 	N.m.r. 
spectroscopy cannot distinguish between these two structures 
since one has a plane of symmetry and the other, a centre 
of symmetry. 
The parent compound, dibenzo[l, 2,5,6] tetrathiocin 
has been prepared by the iodine oxidation of o-benzene-
dithiol. 145 
A red solid precipitated from the solution and was 
identified by mass spectrometry as 2-methyl-6,13-dihydroxY-
naphtho{ 2,3-b ]thianthrene-7,l2-dione (64). 	This ring 
system has been reported as the product of the ring closure 
of thioanthrene-2-phthaloylic acid (65), obtained from the 
Friedel-Crafts reaction of thioanthrene and phthalic 
anhydride. 146 	Thiols do not readily displace hydroxyl 
groups and this factor evidently favours the formation of 
(64). 
5.12 CHLOROANTHRAQUINONES AND DIAMINES 
Some work has been reported on l-chloroanthra-
qüinone and ethylenediamine. 	A 1:1 condensation product, 
1_(2_aminoethylamino)anthraquiflOne (66) was obtained as the 
14 product from ethylenediamifle and 1-chloroanthraiiflOfle 7 q 	 or 
1-nitroanthraquinone- 148  Kolliker and Caveng, however, 
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obtained 1,2,3, 4-tetrahydronaphtho [2, 3-f ]quinoxaline-7, 12-
dione (67a) from 1-chloroanthraquinone with ethylenediamime. 
The product from 1-chloroanthraquinone and N-methylethyiene-
diamine was described as 4-methyl-1, 2, 3-trihydro--naphtho[2, 3-f] 
quinoxaiine-7, 12-dione (67b) •137 	These results, 
suggested that a re-investigation and extension using 1,2-
dichioroanthraquinone would prove worthwhile. 
In the present work, a black solid was obtained when 
1,2-dichioroanthraquinone (68) was heated with ethylene-
diamine. 	Chromatography over silica gave three fractions. 
The highest significant ion in the mass spectrum of the 
first fraction was at m/e 281. This ion had a measured 
formula C16H10N2OC1 but since it contained two atoms of 
nitrogen, it could not be a molecular ion owing to neutral 
compounds with even numbers of nitrogen atoms having even 
molecular weight. 
The n.m.r. spectrum of the second fraction contained 
a group of aromatic peaks between 1.5T and 2.5T and an 
aliphatic peak at 5.9T; the ratio of aromatic to aliphatic 
protons being approximately 4:1. 	In the aromatic part of 
the spectrum the peaks were too degenerate to observe the 
fine structure. The mass spectrum contained a molecular 
ion at m/e 468 which had the measured formula C 30H16N204 . 
The 2:1 ratio of quinone to diamine together with.the low 
number of hydrogen atoms eliminates most possible structures 
and of the remainder only (69) seems plausible. 	This 
structure is similar to Indanthrone (70) which is formed by 






The mass spectrum of the third fraction contained 
major ions at m/e 248 and 246, with the molecular formulae 
C16H12N20 and C16H10N20 respectively. 	The n.m.r. spectrum 
was uninformative containing two bands of broad peaks, one 
in the aromatic region and the other at 5.7T. 	From the 
integration the overall ratio of aromatic to aliphatic 
protons was 2.6:1. 	Possible structures for these ions were 
(71) and (72). A complex mixture of products whose formation 
was not immediately obvious was thus obtained from 1,2-dichloro-
anthraquinone and ethylenediamine in refluxing chlorobenzene. 
The formation of (69) for example required four nucleophilic 
substitution reactions by one ethylenediamine molecule. 
An orange solid was obtained in high yield when this 
reaction was repeated under milder conditions. 	The n.m.r. 
spectrum indicated six aromatic protons, two of which were 
ortho coupled to each other and the positions of the peaks 
from the other four protons were not consistent with their 
being in an unsubstituted anthraquinone ring. Peaks 
characteristic of the group HNCH 2CH2N were present but the 
substitution was not Ar NHCH 2CH2NH2 . No peaks from hydrogen 
bonded labile protons were observed. 
The major ions in the mass spactrum were m/e 282 and 
281 which had the molecular formulae C 16H11C1 N 2  0 and 
C16H10C1 N 2  0 respectively. 	The structure, 2-chloro-1,10- 
anthraquinone-2' , 3'-dihydro-U ,4'diazepin (73), was the 
only plausible one consistent with the spectra. 
To determine whether the initial substitution was at 
the 1-position or the quinone group, 1,2-dichloroanthra-- 
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chlorobenzene and the product was identified as 2-chioro-
1_(21_diethylaminoethylamino)anthraquiflone (74). 
When 1,2-dichioroanthraquiflOne was heated with 
ethylenediamine in the absence of a solvent, a purple solid 
was obtained. 	This was 1,2,3,4-tetrahydronaphtholl2,3-f] 
quinoxaline-7,12-dione (67a) previously reported by 
Kolliker and Caveng. 137 
By analogy with the previous result the initial attack 
by the amine was at the 1-position to give 2-chloro-1-(2-
aminoethylamino)anthraquiflofle (75) as intermediate. 
In the absence of a solvent, nucleophilic substitution 
by the amine at the 2-position with displacement of chloride 
ion was preferred. Aromatic solvents have been described as 
rendering chlorine atoms less reactive by stabilisation.150 
If this were correct, it would provide the explanation for 
substitution at the quinone being preferred with chlorobenzene 
as solvent. 
2-Chioroanthraquinone also yielded 1,2,3, 4-tetra-
hydronaphtho[2, 3-f ]quinoxaline-7, 12-dione (67a) when heated 
with ethylenediamine. The intermediate in this reaction 
was presumably 242_aminoethylamino)aflthraquiflOfle (76) which 
preferentially cyclised onto the 1-position with elimination 
of a hydride ion. 
N, '-dimethylethylenediamine and 1, 2-dichloroantbraquinone 
yielded a purple product which was readily identified as 
1, 4-dimethyl-2, 3-dihydronaphtho [2, 3-f ]quinoxaline-7, 12-di one 
(77). 
The effect of the heterocyclic ring on the chemical 
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pairs of ortho coupled doublets at 2.1T and 3.3T, the up-
field doublet being the 5-proton i.e. ortho to the nitrogen. 
The intermediate in this reaction, on the basis of 
previous results, was considered to be 2-chloro-l-(2-methyl-
aminoethyl methylamino)anthraquinone (78). 
The steric effect of the methyl group, attached to 
the nitrogen bonded' to the ring, must be greater when oriented 
towards the chlorine atom than the oxygen atom; the side-
chain attached to that nitrogen atom always being oriented 
out of plane to minimise the steric effect of this large 
group. The orientation around the nitrogen atom can be 
represented by (79). 
The lone pair on the nitrogen, instead of being ii con-
jugated with the ring and reducing the C-Cl dipole by a +E, 
+M effect is now preferably in plane whilst the groups R 
and methyl are out of plane to reduce the steric effect. 
Thus the nitrogen is now purely inductive, -I, and the 
chlorine is reactive to nucloephilic substitution. 
Investigation of the reaction of 1,2-dichloroanthra-
quinone and o-phenylenediamine in chlorobenzene was un-
successful and only the starting materials were recovered. 
A higher boiling solvent, nitrobenzene, was then used and 
a dark solid precipitated from solution. 	The mass spectrum 
gave a parent ion at m/e 414 and molecular formula C 26H14N402 . 
This was consistent with 5,18-dihydronaphtho[a]quinoxaline 
[2,3-c]phenazine-6,11-dione (80). 	The intermediate in the 
formation of this product was thought to be naphtho[2,3-a] 







molecule of phenylenediamine onto the 1,2-positions of 
1,2-dichioroanthraquinone. There were four electron with-
drawing groups enhancing nucleophilic attack at the 3- and 4-
positions of (81) which facilitated the formation of (80). 
Two other products were isolated from the nitro-
benzene and these were chromatographed over alumina. 
An orange solid was identified as 2-chl6ro-l-phenyl-
aminoanthraquinone (82). This product resulted from sub-
stitution at the 1-position of 1,2-dichioroanthraquinone by 
aniline, the aniline being produced by the reduction of 
nitrobenzene which oxidised 5, 14-dihydronaphtho 2, 3-a] 
phenazine-8,13-dione to (81). 
The other fraction was an orange-red solid with 
major ions at m/e 330, 332 with the molecular formula 
C20H11C1N20 in its mass spectrum. 	The n.m.r. spectrum con- 
firmed the structure as 2-chloro-1,10-anthraquinone-4'H-
benzo-1' 4' -diazepin (82). 
The iiitermediate in the formation of the last corn-
pound (82) was probably 2-chloro-l-(2 1 -aminophenylamino) 
anthraquinone (83). 
The out of plane phenylenediamine ring reduces the 
steric effect. 	The lone pair on the nitrogen remains it 
conjugated with the anthraquinone ring owing to the hydrogen 
being in the plane of the ring unlike the N-methyl inter- 
mediate (79). 	The C-Cl dipole is not reduced by an electro- 
meric or mesomeric effect as for (79) and cyclisation onto 
the carbonyl group is preferred. 





when 1,4-dichloroanthraquinone was heated with ethylene-
diamine in chlorobenzene. When the reaction was repeated 
at a lower temperature and monitored by .T.L.C., a red band 
was observed and the reaction was stopped after one hour 
when the other products were detected. 	This red product 
was separated from the unreacted 1,4-dichioroanthraquinone 
by chromatography and was identified as 1-chloro-4-(2-amino-
ethylamino)anthraquinone (84). 
Chlorine atoms in aS-positions in an anthraquinone 
nucleus were replaced more slowly by ethylenediamine than 
hydroxyl groups. This was demonstrated by the reaction of 
quinizarin and ethylenediamine in which the quinizarin 
reacted very quickly whereas, under the same conditions, 




REACTIONS OF SODIUIVI CHLORATE AND ANTHRAQUINONES 

















6.1 REACTIONS OF SODIUM CHLORATE 
The reactions of ethylenediamine and 1,4-naphtho-
quinones provided a stimulus to the study of nucleophilic 
substitution reactions of various quinones but did not 
afford a route to 'azaanthraquinones'. An approach using 
heterocyclic 1,4-naphthoquinones was considered. 	These 
systems.have been prepared by the oxidation of the corres-
ponding 5,8-disubstituted compound, e.g. the oxidation of 
a salt of 5-nitroso-8-hydroxyquinoline (1) to quinoline-5,8-
dione (2). 	The strongly acid medium prevented extraction 
of the product in high yield and 6,7-dichloroquinoline-5,8-
dione (3) was prepared as an alternative intermediate. The 
synthesis of this compound by treatment of 5-amino-8-
hydroxyquinoline hydrochloride with sodium chlorate and con-
centrated hydrochloric acid has been well established. 152 
However, the use of a large excess of sodium chlorate did 
not yield the expected product, but instead a yellow solid 
which had molecular ions at m/e 262, 264, 266 and 268 with 
the molecular formula C9H5C13NO2 was isolated. 	The n.m.r. 
spectrum had pairs of ortho and meta coupled quartets at 
1.24r and 1.80T with a quartet (J = 7.5 c/s, J = 4 c/s) at 
2.60r which was consistent with a 5,6,7,8-tetrasubstituted 
quinoline. The infra-red spectrum was not very informative 
but the other evidence suggested that the most probable 
structure for this compound was 5-amino-6,7,7-trichloro-8- 
ketb-7, 8-dehydroquinoline (4). 	Additional information. 
about the structure was obtained by heating (4) with ethylene-
diamine. A solid product, which had a molecular ion at m/e 
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212 (no chlorine atoms) and molecular formula C 11H8N40 
in its mass spectrum, was isolated. 	The insolubility of 
the compound in spectroscopic solvents prevented an n.m.r. 
spectrum being obtained but its structure can be rationalised 
if substitution of the 6- and 7-positions of (4) by a 
molecule of ethylenediamine has occurred. This would yield 
10-amino-5-hydroxypyrido[2 ,3-9]quinoxaline (5) and, if this 
was the correct structure for. this product, this evidence 
would lend support to the proposed structure for (4). 
Attempts to oxidise (5) to a 9,10-quinone were unsuccese-
ful and the failure to isolate any product or starting material 
suggested that decomposition had occurred. This instability 
to oxidation of an 'azaanthracene' was similar to that of 
2,4-dimethylbenzo[g]quinoline (6) (discussed on p. 16). 
The unexpected product from the chlorate oxidation 
of a 5-amino-8-hydroxyquinoline salt initiated an investi-
gation of related reactions of sodium chlorate in hydro-
chloric acid. Anthraquinones with amino and hydroxyl sub- 
stituents in the a-positions were chosen as suitable reactants 
since the rings are stable under vigorous chlorination 
conditions and the pbsitions of the substituents allow an 
analogy with the reactions of .5-amino-8-hydroxyquinolines. 
6.2 EXTENSION TO SUBSTITUTED ANTHRAQUINONES 
a) 1, 4-Di substituted anthraguinones 
1-Amino-4-hydroxyanthraquinone (7) can be regarded as 
the anthraquinone analogue of 5-amino-8-hydroxyquinoline. 
Under the reaction conditions, a high yield of 2-chioro-
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Quinizarin was recovered unchanged after treatment 
with sodium chlorate and concentrated acid but this was 
attributed to the heterogeneous reaction mixture. 	The use 
of quinizarin-2-sulphoflic acid (9) ensured that the reaction 
mixture was homogeneous and the product obtained from this 
reaction was 2,3-dichloroquifliza'ifl (10). 
The replacement of a sulphonic acid group by chlorine 
is used in the industrial preparation of 1-chioroanthra-
quinone (12) which is obtained in almost quantitative yield 
from anthraquinone-l-sulphoniC acid (11).153 However, 
fluoranthene-3,9-disulphOflic acid (13), under these conditions, 
chlorinates both at positions bearing sulphonic acid groups 
but also ortho to one group and peri to the other to yield 
3,4,8,9-tetrachlOrOfluOraflthefle (14). 154  
Thus the differing reaction products from 1-amino-4-
hydroxyanthraquiflofle and quinizarin-2-sulphonic acid under 
the same reaction conditions could be attributed to the 
presence of the sulphonic acid group in the latter compound. 
The reaction of 1,4-diaminoanthraquinOne (15a) with 
sodium chlorate in acid yielded an orange solid. 	Its mass 
spectrum had a molecular ion at m/e 341 with molecular. formula 
C14H6C13NO3 . 	The n.m.r. spectrum had an A.A'BB' system in 	the 
aromatic region, thus all the protons were adjacent and hence 
so were the chlorine.atoms. 	A possible structure for the 
compound was 4-amino-2, 2, 3-trichloro-l-ketO-1, 2-dehydro- 
anthraquiflofle (16). 	This reaction was repeated using 1- 
arnino_4_methylaminoanthraquiflofle (15b) and an identical 
product was obtained. The compound was therefore analogous 
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to that obtained from 5-amino-8-hydroxyquinoline hydro-
chloride under the same reaction conditions. The ease of 
replacement of an amino group by a hydroxyl group may have 
prevented a similar product being obtained from a 1-amino-4-
hydroxyanthraquinone which gave only a chlorinated quinizarin. 
Some reactions of (16) were studied and are discussed 
later. 
b) Tetrasubstituted anthraguinones 
The three possible diamino-dihydroxyanthraquinones 
(all substituents being in -positions)(17), (18) and (19), 
were treated with an excess of sodium chlorate and hydro-
chloric acid and the same product was obtained from each 
reaction. 	In each case the compound had molecular ions at 
408, 410, 412, 414 and 416, showing that four chlorine atoms 
were present in the molecule, and the molecular formula of 
the ions was C14H4C1406 . The probable structure for each of 
the products was 2, 3,6,7-tetrachloro-1,4,5,8--tetrahydroxy--
anthraquinone (20). 
The reactions of (17) and (19) with that of 1-amino-4-
hydroxyanthraquinone would be expected to yield a dichloro-
tetrahydroxyanthraquinone and the difference must have re-
suited from the influence of the additional substituents in 
the a-position of the molecule. 	The formation of (20) from 
(18) also demonstrated that the terminal rings could not be 
regarded in isolation. 
6.3 CONCLUSIONS 
Sodium chlorate in hydrochloric acid liberated 
chlorine which provided conditions similar to those used 
[.] 
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for the chlorination of quinizarin and related compounds. 
The liberation of chlorine under these conditions can be 
represented by the following equation; 
NaClO3 + 6HC1 	 NaCl + C12 + 3H20 
Chlorination of the amino-hydroxyanthraquinofles was 
accompanied by an acid hydrolysis of the amino groups present. 
The formation of 5-amino-6,7,7-trichJorO-8-keto-7,8-
dehydroquinoline (4) and its anthraquinone analogue (16) 
did not follow this pattern. 	There are some similarities 
between the formation of these products and the Bucherer 
reaction, which consists of the hydrolysis of an aromatic 
amine catalysed by the addition of sodium bisulphite; the 
reverse of this process can also be observed.. An adduct 
is formed in the Bucherer reaction which favours addition 
of the nucleophile to the imino form represented in Scheme 
XIV. 
A possible mechanism for the formation of (4) is 
given in Scheme XV. The anthraquinone analogue (16) would 
be formed by a similar reaction scheme. 
6.4 REACTIONS OF 4-ANINO-2, 2, 3-TRICHLORO-l--KETO--1, 2- 
DEHYDROANTHRAQUIN ONE 
* 	The reactions of this novel structure were of some 
interest and its reactions with a series of bidentate 
nucleophilic ligands were studied. 
A mixture of two products was obtained when (16) was 
heated with ethylenediamine in chlorobenzene. One component 
was 5-chloro-6-hydroxy-1, 2,3, 4-tetrahydronaphtho [2, 3-f] 
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dichioroquinizarin and ethylenediamine. 	The other component 
was 6-hydroxy-1, 2,3, 4-tetrahydronaphtholl2, 3-f ]quinoxaline-7, 
12-dione (21b) which had been prepared from quinizarin and 
ethylenediamine. 
A mixture of two products was also, obtained from the 
reaction of (16) with o-aminobenzenethiol. 	These products 
were separated and identified as 6-chloro-7-hydroxy-14H-
naphtho[2, 3-a ]phenothiazine-8, 13-dione (22a) and 7-hydroxy-
14H-naphtho[ 2, 3-a]phenothiazine -8 , 13-dione (22b). 
The reaction of 2-aminoethanethiol with (16) was in-
vestigated to complete this series of reactions of bidentate 
nucleophilic ligands with (16). 	Only one product, 2,3- 
dihydro-6-hydroxy-lH-anthra[ 2,1-b] 1,4] thiazine-7, 12-dione 
(23), was isolated. 	The absence of a second product retain- 
ing a halogen atom may have resulted from the different 
solvent used for this reaction compared to the reaction using 
o-aminobenzenethiol. Dimethylaniline was the solvent re- 
quired for the liberation of the free base of the hydrochloride 
of 2-aminoethanethiol but the removal of this high-boiling 
solvent resulted in a less.tractable reaction mixture. 
Despite the failure to isolate a second component from 
the reaction with 2-aminoethanethiol, a pattern was evident 
from the reactions of the three different nucleophiles with 
(16). 
Replacement of the amino group showed that substitution 
of (16) by the nucleophiles was at the 1- and 2-positions. 
By analogy with the reactions of 2,3-dichloroquinizarin and 
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nucleophiles where the initial attack was at the 2-position, 
substitution of (16) by a nucleophile would occur at the 
position ortho to the amino group and the intermediate can be 
represented as (24). 	If cyclisation onto the 1-position was 
preceeded by aromatisation of the terminal ring to give (25) 
in which two or three chlorine atoms have been eliminated, 
the resultant cyclisation by elimination of an amino group 
would yield a mixture of products. 
The easy loss of chlorine from (16) was investigated 
by studying some reactions of 2,3-dichloro-2',3 1 -dimethyl- 
quinizarin (26). 	This compound resulted from the chlorination 
of 2,3-dimethylquinizarin in acetic acid. 	Quinizarin, when 
chlorinated with acetic acid at 90-95 has been reported to 
yield 2,3-dichloroquinizarin155 but at 200C, Sargent et al., 
reported addition to the 9a, lOa bond to give (27).132 How-
ever, recent work with 2,3-dimethylquinizarin under these 
latter conditions yielded 2, 3-dichloro-2' , 3'-dimethyl- 
quinizarin (26)..156 
Heating (26) with ethylenediamine or o-aminobenzenethiol 
resulted in the exclusive formation of 2,3-dimethylquinizarin. 
The methyl groups could not be replaced by nucleophiles but 
the failure to substitute the hydroxyl groups demonstrated 
that the chlorine atoms were rapidly displaced to yield 
2,3-dimethyiquinizarin in which the hydroxyl groups would be 
much less activated to nucleophilic substitution. 
Thus compounds such as (16) and (26) which have ct-chloro 
ketones suffer a ready loss of chlorine. 
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7.1 GENERAL OBJECT OF INVESTIGATION 
Heterocyclic quinones can be easily obtained by 
addition reactions across the double bond of a 1,4-quinone. 
Diazomethane undergoes a 1,3-addition reaction with 14-
naphthoquinone to give benz[f]indazole-4, 9-dione (1). 
In the present investigation, the methylation of 
benz[f]indazole-4,9-dione was' re-investigated and a study 
of some reactions on the system was made. An attempt was 
made to correlate the results of these reactions with the 
results of molecular orbital calculations. 
7.2 DIPOLAR ADDITION REACTIONS OF 1,4-NAPHTHOQUINONE 
The addition of diazomethane to 1,4-naphthoquinone 
would be expected to give the adduct (2) although no in-
vestigators have encçuntered it. Fieser and Peters isolated 
a yellow product which they thought was a quinol (3) because 
of its solubility in alkali and ease of oxidation to the 
quinone (4)•157  The quinol is formed by isomerisation of 
(2). 	Dean and Jones, however, considered this yellow 
product not as a quinol but as a tautomer (5)J 58 The 
evidence for (5) was based on a comparison of the ultra- 
violet, and infra-red spectra of (Li.) and (5). 	An absorption 
at 1631cm in the infra-red of the latter was assigned to 
the double bond C=N which is electronically analogous to 
the olefinic bond in the grouping O=C- C=C- O which 
absorbs near 1630cm with unusual intensity. 
This yellow product was very unstable and was easily 
oxidised to '1H-benz[f]indazole-4,9-dione (4). 	Other 
dipolar additicnsto p-quinones have been described. Methyl 
NH2 
IM 
azide adds across the double bond of 1,4-naphthoquinone 
to yield 1-methyl--naphtho[2,3-d]triazole (6) whereas. 
hydrazoic acid yields 2-amino-1,4-naphthoquinone (7)•159 
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7.3 STRUCTURES OF THE METHYLATED BENZ [f]INDAZOLE-4;9- 
DIONES 
Benz[f]indazole-4,9-dione, when treated with di-
methylsuiphate in alkali solution, has been reported to 
yield 1-methyl-benz [f]indazole-4,9-dione (8). 
157 
 However, 
other workers have isolated a second product, 4-methoxy-
benz[f]indazole-9-one (9.)160 This latter product was 
also isolated from the liquor of the preparation of benz[f] 
indazole-4, 9-dione. 
The evidence for the assignment of these structures 
was from infra-red and ultra-violet spectroscopy. There 
was a strong band at 1250cm in (9) which is characteristic 
of an enol ether linkage; this band was not present in the 
parent compound or (8). 	The ultra-violet spectrum of (9) 
differs from that of benz[f]indazole-4,9-dione and the 1-
methyl compound. 
In the present work, the mixture of products obtained 
from ben4f]indazole-4,9-dione and dimethyl sulphate in 
alkali solution was separated chromatographically. 
The first fraction was a white solid whose mass 
spectrum had a molecular ion at m/e 212 with molecular 
formula C12H8N202 . 	The n.m.r. spectrum had multiplets. 
centred at 1.80i' and 2.35T with singlets at 1.96T and 5.65T. 1 ' 
These were assigned to protons H 5 and I15 H6 and H7 , H3 and 
the methyl group respectively of compound (9). 
The second fraction from the column was also a white 
solid with a molecular ion of mass 212 and molecular formula 
C12H8N202 in the mass spectrum. 	The n.m.r. spectrum had 
multiplets at 1.78T and 2.24r with singlets at 1.95T and 
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5.83 1 . 	These were assigned to structure (8) as for (9). 
There was very little difference in the chemical shifts 
of the protons in the n.m.r. spectra of (8) and (9) except 
for a separation of 0.21ppm between the methyl peaks. The 
chemical shift of an 0-CH 3 group is usually of lower value 
than for an N-CH3 group. This reinforces the assignment 
of structures to the compounds. However, examination of 
the mass spectra for these compounds allows unambiguous 
structures to be assigned. 
The mass spectra for (8) and (9) are in Tables 7.1 and 
7.2 and the molecular formulae of the significant ions are 
given. 
Accurate mass measurements on fragment ions are 
important in giving unequivocally the formula of each ion, 
and high resolution (of the order 10,000) is also important 
in that it ensures that any multiplets formed in the spectra 
can be resolved and measurements made on the individual 
components of which they are composed. Even when this has 
been done, the structural formula of the ion formed may not 
be apparent. 	Evidence as to one of the reaction paths by 
which a particular ion has been formed can sometimes be 
obtained from a study of the metastable ions. 
The spectrum of (8) had a stepwise loss of two CO 
molecules from the parent ion of mass 212 to give mass 156. 
o 	 0 
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TABLE 7.1 
MASS SPECTRUM OF (8) 
m/e % Measured m/e % Measured m/e % Measured 
Formula 	 Formula 	 Formula 
213 12 	 183 2.6 	 156 
2•0a  C10H6NO 40% 
	
212 100 C12H8N202 172 2.2 C10H8N2 60% 
211 75 171 3.2 C10H5NO2 155 1.4 
198 0.4 159 0.8 143 2.8 C H NO 
197 2.2 158 0.8 130 2.0 C9H60 75% 
185 0.8 157 0.4 C8H6N2 5% 




MASS SPECTRUM OF (9) 
m/e % Measured m/e % Measured m/e % Measured 
Formula 	 Formula 	 Formula 
213 25 	 172 6 C10H6NO2 154 1 
212 100 C12H8N202 171 2 	 149 6 
211 92 	 .158 7 C10H602 130 .5 
185 	3 	 157 3 	 129a 22 C 9 H  5  0 40% 184a 8 C11H6NO23,o l56a 4 C10H6N075% 	C9H7N 60% 
CH8N20 65% 	C10H8N2 25% 
183 10 C11H7N20 155 3 
a: doublet. 
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Metastable peaks at 159.6 and 132.2 corresponded to the 
transitions 
	
212 	) 184 + 28 
and 184 	) 156 + 28 
The fragmentation was similar to that of anthra-
quinone but, unlike anthraquinone,. there were competing de- 
composition paths. 	One of these was the rupture of the 
N-CH3 bond to give a peak at mass 197. A metastable peak 
corresponded to the transition 
- 	 212 	? 197 + 15 
0 	
0 	+ CH 0 	 3 N I N ~91 + 
0 CH3 	 0 
11\4. 212 
	 4) 197 
Other decomposition paths involved the fragmentation 
of the pyrazole ring of mass 184. 	The loss of the pyrazole 
ring gave an ion at mass 130, a metastable peak at 91.8 
confirming the transition 
184 -p 130 + C2H2N2 
0 	+. 	 0 	+ 
9  0 LC N 0 
CH3 
/184 	 /I30 
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Indene-1-one was the probable structure for this ion, 
its formation confirming the assumption that the methyl 
group was attached to the pyrazole ring and not a carbonyl 
Another decomposition path of mass 184 was by loss 
of CH2N to mass 156 which was a doublet and resulted from 
the two different fragmentations of m/e 184. 
The mass spectrum of (9) did not have a peak at 
(P-15) from the loss of the methyl group. The first 
important fragment ion was at m/e 184 which was a doublet re-
suiting from loss of CO and CH 2N from the parent ion. Thus 
there were two competing decomposition paths for this molecule. 
The most informative ion was of mass 158 which had the 
formula C10H602 . Using the technique of metastable scanning, 
its precursor ions were identified, and 158 was found to 
result 97% by fragmentation of m/e 185 and 3% from m/e 212. 
Mass 185 has the formula C 11H7NO2 and was formed by loss of 





- CH 	 N 
158 
Since m/e 158, which can be assigned the structure of 1,4-
naphthoquinone, resulted from step-wise loss of HCN from 
m/e 212,. the parent ion could not have had anO-CH3 group. 
This fragmentation can be rationalised only if m/e 212 had 
an N-CH3 group. 







cIIII:ii 	-   C H3 0 
NO2 	 NO2.  
- C H3 (a 
LH 3 	 16 15 	 NO2 
5YCH3 (b 
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Further evidence for the presence of an N-methyl 
group in the parent ion was provided by the ion of mass 156 
which was a doublet with molecular formulae C 10H6N0 and 
C10H8N2 formed by the fragmentation of the two components 
of mass 184. The ion with , formula C10H8N2 resulted from 
step-wise loss of two molecules of CO frotn m/e 212 
i.e. 	212 	-) 184 + CO 
184 l56 + CO 
The ion, m/e 156, must have the structure (10) which 
is not consistent with an O-CH 3 group in the parent ion. 
The other component of mass 156 had an intensity three times 
that of (10) and had either structure (ii) or (12). 
The structures (8) and (9) which have been assigned 
to the products of the methylation of benz [f]indazole-4,9- 
dione have been shown, on the basis of the above mass spectral 
evidence, to have been based on inadequate evidence. The 
products of this alkylation were 1-methyl-benz[f]indazole-4,9- 
dione (13) and 2_methy1_benzf]indazo1e-4,9-dione (14). 
Although the alkylation has been shown to occur at the 
nitrogen atoms, the assignment of structures to the individual 
products has not been fully resolved. A comparison of the 
mass spectra and n.m.r. spectra of 4-nitro-1-methyl-indazole 
(15) and 4-nitro-2-methyl-indazole (16) with the spectra of 
the two methyl-benz[f]indazole-4,9-diofles, affords some 
insight into the structures of these compounds.161 
The N-methyl signal in the n.'m.r. spectrum of (16) was 
at lower field than that of (15). 	This results from the 
paramagnetic contribution of the dipolar tautomer (16b) in 
which there is paramagnetic shielding of the double bond. 
[:IIflhI- \N-CH 3 
1 7 
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If the purely covalent (16a) is considered, the N-methyl 
signal of (15) would be expected to appear at lower field 
than (16). 	Since this was not the case, the observed 
signal in (16) is to be attributed to the predominance of 
the contribution of (16b) to the hybrid structure of the 
isomer. 
In the case of the methyl-benz{f]indazole-4,9-diones, 
the methyl signals were at 5.65T and 5.83i compared with 
5.63'r and 5.81T for (16) and (15) respectively. 	The dipolar 
form of (14), viz (17), would have a similar effect on the 
chemical shift of the N-methyl group as with (16b) 
The n.m.r. evidence therefore suggested that the 
assignment of structure 1-methylbenz[f]indazole-4,9-dione (8) 
to the second fraction from the column was correct but that 
the other product was 2-methylbenz[f]indazole -4,9-dione (14) 
and not the 0-methyl compound (9). 
The mass spectra of (15) and (16) both contained a peak 
of m/e 116 from loss of the methyl and the nitro groups and 
the intensity of the ion at mass 116 was greater for (15) 
than for (16). The rupture of the N-CH 3 bond results in a 
more stable radical in (15) than in (16) owing to the positive 
character of the methyl substituted nitrogen atom of the 
dipolar form of (16) which increases the ionisation potential 
for the N-CH3 bond. The relative intensity of m/e 116 for 
(15) was 23.5% and for (16) was 3.5%. 	The fragmentation was 
	
177 	> 131 k + NO2 
and 131 	> 116 + CH3 
In the mass spectra of the methyl -benz[f]indazole-4 ,9-
diones, one spectrum had a peak at (p_15)+  from loss of the 
0 
0 




methyl group whereas the other spectrum had no (p-l5) peak. 
These observations are consistent with the behaviour of the 
indazoles and the results reinforced the structure assign-
ments based on the comparison of the n.m.r. spectra. 
Brockmann and Reschke also assigned the structures 
(13) and (14) to the methylation products and based their 
assignment on the reaction of 1,4-naphthoquinone and N-methyl-
sydnone (18). 	The product of this reaction was assigned 
structure (14) and they assumed that the other product was 
therefore 1-methyl-benz [f]indazole-4, 9-dione (13) •162 
7.4 ALKYLATION OF BENZ[f ]INDAZOLE-4, 9-IJIONE 
The methylation of benz[f]indazole-4,9-dione using 
dimethyl sulphate has been reported on several occasions but 
no product ratios were given. An examination of the product 
ratios can provide information about the steric and electronic 
factors influencing the reactivity of benz[f]indazole -4,9-
dione to alkylating agents. 
In the present investigation, separate studies using 
methyl iodide and dimethyl sulphate were made. The reactions 
were carried out in strong base where the predominant species 
is the anion thus avoiding any difficulty about the position 
of the N-H, e.g. there are now two competing nitrogens both 
having lone pairs to enter into the S N  2 reaction with 
methyl iodide. 
The product ratios were determined by two analytical 
procedures; n.m.r. spectroscopy and liquid-liquid chromato-
graphy. 
The crude mixtures from each of the methylation pro-





by n.m.r. spectroscopy using the N-methyl signals in each 
case. A comparison of these products with authentic corn-
pounds from a previous experiment allowed an assignment to 
be made. The spectroscopic solvent used was trifluoracetic 
acid vthich ensured that the ratio of products recorded was 
not influenced by their differing solubility in the solvent. 
The retention times from liquid-liquid chromatography 
of the two peaks in the mixture were compared with those of 
authentic samples. 
The methylation ratios obtained from each procedure 
were in good agreement and the results are given in Table 7.3. 
7.5 DISCUSSION OF RESULTS 
A steric effect from a carbonyl group of benz[f] 
indazole-4,9-dione can operate to inhibit alkylation at the 
1-position0 A comparison with the methylation of indazoles 
by methyl iodide, given in Table 7.4, shows that the effect 
of a nitro group in the 7-position of indazole is to favour 
alkylation at the 2-position but this must be mainly an 
electronic effect since methylation of 5,7-dinitroindazole 
(19) occurs almost equally at each nitrogen atom.Th3 The 
quinone groups of benz[f]indazole-4 ,9-dione have a similar 
electronic effect to the 5- and 7-nitro groups of indazole 
and a comparison of the results of methylation with methyl 
iodide shows a marked similarity. 
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TABLE 7.3 
ALKYLATION OF BENZ [ f ]INDAZOLE-4, 9-DI ONES 
METHYL IODIDE DIMETHYL SULPHATE 
1-Methyl 52% 42% 
2-Methyl 48% 58% 
ALKYLATION OF 
TABLE 7.4 
INDAZOLE WITH METHYL IODIDE 
R-5 	 H NO2 	H H 
R-7 	NO2 NO2 	H Me 
1-Methyl 	29% 47% 	50% 57% 
2-Methyl 	71% 53% 	50% 43% 
The methylation of indazole and nitro indazoles have 
been reported in several papers but no product ratios have 
been given although the results indicate that N2-methylation 
is favoured when dimethyl sulphate is used. These are in 
• agreement with the methylation of benz {f ]indazole-4,9-dione 
using dimethyl sulphate. 
7.6 M.O. RESULTS 
L.C.A.O.-molecular orbital calculations were performed 
on a series of quinones using the CNDO computer program. 










Santry and Segal1 in which the approximation made is the 
complete neglect of differential- overlap, hence CNDO. 	The 
valence electrons only are treated explicitly, the core 
electrons being treated as part of a rigid core. 
The basic approximation is that the zero-differential 
overlap approximation is used for all products of different 
atomic orbitals 0 
P O V
which greatly simplifies the computation 
of wave-functions largely because they eliminate many of the 
two electron integrals. Also all three- and four-centre 
integrals become zero. Although, individually they may 
introduce considerable error, there is some consistency between 
these approximations, and the complete neglect of the overlap 
integral S in the normalisation involving the associated 
charge distribution 0 4 0 is consistent with the neglect of 
electron repulsion integrals involving a similar 0 P 
0 distri-
bution. 
The electron densities of the anion were computed 
using the CNDO program. 	The geometry of benz[f]indazole -4 , 
9-dione has not been reported but by using the known geo-
metries for 1,4-naphthoquinone and pyrazole, a suitable set 
of Cartesian co-ordinates was obtained. 
The values for the overall electron densities are 
• given in (20) but the substitution of Ni  is on the Py  axis 
and at N2 it is along the p axis and the, values for the 
electron densities along these axes are given infi (21). 
Electrophilic substitution is therefore favoured atN1 if 
electronic factors only are considered. 
The 1- and 2_methylbenz[f]indazole-4,9-diOfles were 
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are given in Table 7.5. 
Benz[f]indazole-4,9-dione has been variously described 
in the literature as 1H-benz[f]indazole-4,9-dione (22) and 2H-
benz[f].indazole -4 ,9-dione (23). 	The relative stability of 
these two compounds were studied using the CNDO method and 
a consideration of the total energies demonstrated that 
the lH-compound was the more stable by approximately 35eV; 
the values are given in Table 7.5. 
The investigation of various benz[f]indazole -4 ,9-
diones prompted a study of anthraquinone. The electron 
density values are given in fig. (24) (and also in Table 7.5) 
and can be compared with those in fig. (25) recently reported 
by Aussems et al. 165  
The results are in conflict since the CNDO results in 
fig. (24) indicate that electrophilic substitution is pre-
ferred at the 1-position whereas Aussems' results suggest 
that the 2-position is preferred. 	Electrophilic sub- 
stitution e.g. nitration, of anthraquinone has been shown to 
occur almost exclusively at the 1-position. 	The discrepancy 
in the results arose from a consideration of ir electrons only 
by Aussems whereas the values obtained from this investi-
gation include both n- and a-contributions. 
The effect of substituents in the 1- and 2-positions 
of anthraquinone was investigated by computing the electron 
densities for 1-cyano- and 2-cyanoanthraquinone. The program 
has a limit of 80 basis functions which restricted the choice 




RESULTS OF C.N.D.O. CALCULATIONS 
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7.7 NITRATION OF BENZ [f]mmAZOLE-4,9-DIONE 
Benz.[f]indazole-4,9-dione with fuming nitric acid and 
concentrated sulphuric acid gave a white solid product which 
was shown by T.L.C. to be a mixture of two compounds. 	Only 
one parent ion was observed in the mass spectrum. 	This ion, 
of mass 243, had a molecular formula C 11H5N304 which corres-
ponded to a mono-nitro-benz{ f]indazole -4 ,9-dione. 
The n.m.r. spectrum of the mixture had a singlet at 
1.32Fr which can be assigned to the 3-proton and thus nitration 
has taken place at the carbocyclic ring. The symmetry of the 
two multiplets at 1.53T and 1.84r excluded a mixture of com-
pounds with nitro groups on both the - and a-positions of the 
ring and the products were therefore the 5-nitro and 8-nitro 
or the 6-nitro and 7-nitro-benz[f]indazole-4,9-diOne. 	The 
lowfield multiplet had a pair of doublets, J = 6.5 c/s, J = 
2.5 c/s, which corresponded to an ortho and meta coupling. 
The two possible mono-nitro compounds which could give this 
multiplet are (26) and (27). 	The proton H3 in (26) is both 
ortho and meta coupled and the nitro group in ortho position, 
having a deshielding effect, moves it downfield relative to 
its chemical shift in the unsubstituted ring. H 1 is also 
deshielded by the nitro group but, since in the unsubstituted 
ring it was at lower field than the s-proton because of the 
electron-wi±hdrawing effect of the carbonyl group, it must now 
be at lower field than H3 . 	This is not consistent with the 
recorded n.m.r. spectrum and the nitro group was not in a 
s-position. 
Protons H2 and H4 in (27) are both ortho and meta 
coupled and the deshielding influence of the nitro group is 
NO2 O 














greatest at these two positions. 	The chemical shift of H3 , 
which in the unsubstituted ring was the same as H2 , is least 
affected by the nitro group. Thus the introduction of a 
nitro group in the a-position deshields the ring protons and 
moves either H2 . or H4 to a lower field. 	This is consistent 
with the observed spectrum. 
Nitration of benz[f]indazole-4,9-dione has yielded a 
mixture, 5-nitro-benz[f]indazole-4,9-dione (28) and 8-nitro-
benz[f]indazole-4,9-dione (29'). 	This can be contrasted I 
with the nitration of indazole which gives a quantitative 
yield of,5-nitroindazole.(30) and on further nitration the 
5,6-dinitroindazole (31))56 	However the nitration of 
benz[f]indazole-4,9-dione can be compared with that of 
16 anthraquinone which occurs almost exclusively at the a-positions.  
Separation of the mono-nitrobenz[ f]indazole -4,9-diones 
was not achieved and the nitro group was reduced using Raney 
Nickel and hydrazine hydrate'to give a mixture of the.5-amino-
and 8-arnino-benz[ f]indazole-4,9-dione. 
	These products could 
not be separated by chromatography. 
7.8 REACTIONS OF THE QUINONE GROUP 
The quinone groups of anthraquinone do not behave as 
carbonyl groups; anthraquinone does not form a phenyl-
hydrazone and its mono-oxime is obtained only with difficulty. 
Benz[f]indazole-4,9-dione, when heated with pyridine 
and phenyihydrazine gave a mixture of two products which were 
separable by their differing solubility in benzene. 
The mass spectrum of the benzene-insoluble red solid 
had a molecular ion at mass 288 and molecular formula 











disappeared on addition of D 2 0 and can be assigned to 
the N-H of the hydrazone since the N-H of the pyrazole ring 
had a chemical shift of 6r. 	The product was either benzllf] 
indazole-4-one-9-phenylhydrazone (32) or benz [±] indazole-9-
one-4-phenylhydrazone (33). 
The other product was an orange-yellow solid. Its 
mass spectrum had a parent ion at m/e 287 but the moleular 
formula was C17H11N40 which was unexpected since a molecular 
ion with an even number of nitrogen atoms requires an even 
molecular weight. Thus m/e 287 was not the parent ion but 
a fragment ion formed by loss of hydrogen from the parent 
peak m/e 288. 	The peak at m/e 288 was approx. 20% of m/.e 
287 which is larger than a normal (p + 1) peak. 
This (p-l) fragmentation can be accounted for bya 
stable ion at m/e 287, for example: 
[
MX/ f >N+H N-N-Ph 	 N-N 
H 	 ~ h 
m/L 288 
The n.m.r. spectrum of this product had a broad peak 
at 0.761' which, on expansion, was a doublet and one of the 
peaks disappeared on addition of D20. 	This peak was assigned 
to the N-H proton of the hydrazone. The singlet from the 
3-proton of the pyrazole ring had a chemical shift of 0.76 
which is similar to.the chemical shift for that proton of the 
]25 
other product of the reaction. The 3-proton has been 
shifted downfield, relative to the parent compound, by the 
influence of the phenylhydrazone group. 
The most marked difference between the n.m.r. spectra 
of the two phenylhydrazoneswas in the chemical shifts of the 
N-H proton. The less broad N-H proton may have resulted 
from the orientation of the phenylhydrazone group towards 
the pyrazole ring in (32), which may also have accounted 
for the higher field value for the chemical shift of the N-H 
proton. 
The structural assignment can be based on the mass 
spectral evidence which showed that the less soluble product 
of mass 288 was benz[f]indazole-9-one-4-phenylhydrazone (33) 
and the more soluble compound of mass 287 was benz[f]indazole-
4-one-9-phenylhydrazone (32). 
V. Pechmann and Seel167  reported only one phenylhydrazone 
from the reaction of phenylhydrazine and benz[f]indazole-
4,9-dione. 	The melting point, 271-272 0 , is identical to 
that of benz [f]indazole-9-one-4-phenylhydrazone (33) and 
their failure to isolate the other phenylhydrazone (32) 
could be attributed to the difficulty of isolation. 
Only one phenylhydrazone was isolated from the reaction 
of 2-methyl--benz Elf ]indazole-4,9-dione (34) and phenylhydrazine. 
The mass spectrumof this red solid had a molecular ion at 
m/e 302 with molecular formula C 18H14N40. The singlet at 
1.19 1 in the n.m.r. spectrum could be assigned to the 3-proton 
on the pyrazole ring and its chemical shift can be compared 
to that of 1.961 for the 3-proton of 2 -methylbenz[f]indazole -
4,9-dione. 	The spectroscopic evidenc& and the ease of 
N -NH PH 


















isolation suggested that the product was 2-methylbenz[f] 
indazole-9-one-4-phenylhydrazofle (35). 
One product was also isolated from l-methylbenz[f] 
indazole-4,9-dione (36) and phenyihydrazine. 	The chemical 
shift of the 3-proton was 1.17'r compared to 1.95T for the 
corresponding proton of 1-methyl-benz[f]indazole-4,9-diofle 
and thus the phenylhydrazone had a similar effect on the 
chemical shift of this compound as in (35). 	This product 
was 1-methyl-benz[f]indazole-9-one-4-pheflylhydraZOne (37). 
7.9 OXIDATION OF THE PHENYLHYDRAZONES OF BENZ[f]INDAZOLE- 
4, 9-DIONE 
Hydrazones can be oxidised by both lead tetra-acetate 
or manganese dioxide. 	Iffland and his co-workers first 
reported the isolation of azoacetates, for example (39), 
from the reaction of lead tetra-acetate with ketohydrazones 
(381 168 Treatment of chalcone phenyihydrazones (.40) with 
manganese dioxide169 gave pyrazoles (41) in good yield. 
H 	Pb(OAc)4 	OAc 
R1R2C=N-NAr > R1R2-C—N=N-Ar+Pb(OAc) 2+ HOAc. 
(38) 	 (39) 
In the present work, both the phenylhydrazones 
prepared by the reaction of benz[f]indazole-4 ,9--dione and 
phenylhydrazine were oxidised by "activated" manganese 
dioxide and also by lead tetra-acetate. 
A purple solid was obtained when benz[f]indazole_ 4-
one-9-phenylhydrazone was stirred with lead tetra-acetate 
in benzene under an atmosphere of nitrogen. 	The mass 
spectrum had a molecular ion at m/e 376 and molecular formula 















molecular formula C 17H11N4 which resulted from the transition 
376k 	> 271 + C6H5N2 
This product was also obtained when manganese 
dioxide was used as oxidising agent. The most probable 
structure for this compound was (42). 
The ease of cyclisation onto the pyrazole ring was 
not unexpected since benz[ f ]indazole-4-one-9-phenylhydrazone 
cyclised in the mass spectrometer. 
The cyclisation step may have involved a radical inter-
mediate and the oxidation mechanism which has been proposed 
to account for reactions involving manganese dioxide is 
believed to involve radicals which are modified in their 
behaviour by the fact that the reactions take place on the 
surface of the oxidantJ70 ' 171 The reactions of lead tetra.-
acetate were thought to involve a free radical mechanism but 
recent e.s.r. studies of solutions of hydrazones with lead 
tetra-acetate have failed to detect the presence of radicals 72 
A radical mechanism for the cyclisation step may be 
represented as Scheme XVI. 
The product (42) is the phenylhydrazone of the cyclised 
product (43). 	Thus the oxidising agent liberated phenyl- 
hydrazine from benz [f]indazole-4-one-9-phenylhydrazone and 
the phenylhydrazine condensed with (43) to yield (42). 	The 
other part of the molecule can form a salt with the oxidant 
or can dimerise. This product would be removed with the 
oxidising agent when the solution was filtered. 	The yield 
of (42) was approximately 45% which supports this hypothesis. 
I: 
The other isomer, benz[f]indazole -9-one-4-pheflyl-
hydrazone was recovered unchanged from the manganese dioxide 
reaction but with lead tetra-acetate a mixture of products 
was obtained. The mass spectrum Of this mixture had major 
ions m/e 278, 223 and 221 which had the molecular formulae 
C10H22N405 , C12H1504 and C12H17N202 respectively. No 
structures have been assigned to these products. 
No cyclised product was isolated when 2-methyl-4-
phenylhydrazone-benz[ f]indazole-9-one and 1-methyl-4-phenyl-
hydrazone-benz[f]indazole-9-Ofle were treated with manganese 
dioxide, the reactants being recovered unchanged. 
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EXPERIMENTAL SECTI ON 
GENERAL NOTES 
Microanalyses were done in this department using a 
Perkin-Elmer 240 Elemental Analyser. 
60 MHz n.m.r. spectra were recorded on a Perkin-
Elmer R.10 spectrometer using tetramethylsilane as internal 
reference standard. 
100 MHz n.m.r. spectra were recorded on a Varian 
HA 100 spectrometer using tetramethylsilane as internal 
reference standard. 
Infra-red spectra were recorded on a Perkin-Elmer 
SF 200 spectrometer. 
Ultra-violet/visible spectra were recorded on a 
- Perkin-Elmer SF 800 spectrometer. 	Redistilled 2-ethoxy- 
ethanol was used as solvent for all spectra. 
Mass spectra were recorded on an A.E.I. MS 902 
double-focussing mass spectrometer. 
Melting points were taken using a Kofler-type hot-
stage apparatus made by Reichert, and are uncorrected. 
Liquid samples for examination by n.m.r. or infra-
red spectroscopy were obtained free of unwanted solvents 
by evaporation with carbon tetrachioride (reagent grade). 
Tetrahydrofuran-water-acetic acid (8:2:1) was used 
as eluent for T.L.C. unless otherwise stated. 
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Phenylenediamines and ethyl acetoacetate 
Ethyl-p - ( amino-p-p henyl amino ) crotonate 
Ethyl acetoacetate (23.6g; 0.2M) and p-phenylene-
diamine (10.8g; 0.1M) were mixed at room temperature, with 
0.05g hydrochloric acid as catalyst, and set aside overnight. 
The solid material was filtered and chromatographed over 
alumina to give the foflowing fractions. 
Fraction 1 
2.59; eluted with benzene and was identified as p-phenylene-
diamine. 
Fraction 2 
11. 5g; eluted benzene, ethyl--(amino-p--phenylamino)crotonate, 
white solid, m.p. 93-940 (benzene). 
100 MHz. 	n.m.r. spectrum (CDC1 3 ) had singlets at 5.33T 5.427, 
6.38 7 	8.06T and 8.207 as well as two N-H peaks at 
-0.027 and -0.317. 	Multiplets were centred at 3.327, 5.907 
(quartet) and 8.787 (triplet). 
Mass spectrum had a molecular ion at m/e = 220 
Microanalysis: Found C 65.67 H 7.11 N 12.65 
C12H16N202 requires C 65.45 H 7.27 N 12.73 
1, 4-bis(ethyl--aminocrotonate)benzene 
Ethyl acetoacetate (11.8g, 0.1M), p-phenylenediamine 
(5.4g, 0.05M),:niagnesium sulphate (20g) arid aôêtic add 
(0.1 ml) in eth.n61 (50mls) were heated on a steam bath for 
4 hrs. The magnesium sulphate was filtered from the hot 
solution and the olvent removed to give 12.5g of a white 
solid. 	m.p. 137-1380 (ethanol). 
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:ioo MHz. n.m.r. spectrum (CDC1 3 ) had singlets at 3.O'r (4 
protons), 5.32T ( C=CH), 8.02T (C-CH3 ) and --0.34T (N-H) with 
nuIt'ip1ets at 5.88T (quartet) and 8.74T (triplet). 
-Mass spebtrum had a molecular ion at m/e=332.174038 
C18H24N204 requires 332.173596. 
a, 3-bi s( ethyl--aminocrotonate)benzefle 
m-Phenylenediarnine (5.4g, 0.05M), ethyl acetoacetate 
(1.1.8g, O.1M), acetic acid (0.lml) and magnesium sulphate 
(20g) in ethanol (50mls) were heated on a steam bath for 
4 hrs. 	The above procedure was followed to yield 13.59 
of a white solid. 
m.p. 278-90 (dioxan) [lit. 278-90 ]. 
100 MHz. n.m.r. spectrum (trifluoracetic acid) had doublets 
:t 2.66T (J = 8.5 c/s) and 4.05T (J = 1 c/s), a multiplet at 
.3..55i (2 protons), broad singlets at 4.28T (1 proton) and 
6.66T (2 protons) and a singlet at 7.73T (C-CH3 ). 
•Mass spectrum had a molecular ion at m/e = 332.172988. 
C18H24N204 requires 332.173596. 
.2-methylb enzimi dazol e 
-The above procedure was repeated using o-phenylene-
diamine (5.4g, 0.05M) and an oil was obtained. 	Addition of 
pet-ether precipitated a white solid, 4.8g, m.p. 175-60 
(diOxan) [lit. 175-6°]. 
-100-MHz. -n.m.r. spectrum (DMSO-d6) had multiplets centred 
at-2.57r and 2.95T and a singlet at 6.46T (C-CH3 ). 
Mass spebtrum had -a molecular ion at m/e = 132. 
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CYCLI3ATION OF THE CROTONIC ESTERS 
The cyclisation procedure required the reactant to 
be added to refluxing diphenyl ether (lOOmis) and the 
solution was stirred under reflux for 3 hrs. Isolation of 
the product was achieved by addition of pet-ether to the 
cooled solution. 
No precipitate was obtained from ethyi-$ - (amino-p-phenyl-
amino)crotonate (5.09). 
No precipitate was obtained from 1,4-bis-(ethy1--amino-
crotonate)benzene (5.09). 
A yellow solid, 7-amino-2-methyiquinoiin-4-one (2.0g), was 
isolated by filtration from 1,3-bis-(ethyl--aminocrotonate) 
benzene (5.0g). 	m.p. 278-279 0 (dioxan). 
100 MHz. n.m.r. spectrum (DMSO-d 6 ) had doublets at 2.66T 
(J = 8.5 c/s) and 4.05T (J = 1 c/s), a multipiet at 3.55T 
(2 protons), broad singlets at 4.28T (1 proton) and 6.66T 
(2 protons) and a sngiet at 7.73'r (C-CH3 ). 
Infra-red had NH bands at 3500cm and 3300cm 
Mass spectrum had a molecular ion at m/e = 174.079103 
C10H1QN20 requires 174.07938 
Microanalysis: Found C 69.14 H 5.51 N 15.92 
C10H10N20 requires 	C 68.97 H 5.75 N 16.09 
1,3-bis-(ethyl -$ -aminocrotonate)benzene (2.0g) was added 
to conc. sulphuric acid (lOmis) at 0-50C. 	After 10 mins. 
the solution was neutralised with sodium bicarbonate, 
extracted with chloroform, the chloroform solution dried 
with magnesium sulphate andthe solvent removed in vacuo 
to give a mixture of 7-ainino-2-methyi-1H-quinoiin-4-one 
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and m-phenylenediamifle; identified by a comparison 
of the n.m.r. spectra of the product and these corn- 
pounds, 
Phenylenediamines and acetylacetone 
a) p-Phenylenediainifle (20g), acetylacetone (50mls) and 
benzene (300 mis) were heated under reflux for 18 hrs. 
in a Dean and Stark apparatus. The solvent was re-
moved in vacuo to give a brown crystalline solid, 22g. 
Chromatography over alumina eluting benzene gave two 
fractions. 
Fraction 1 
2.359, an orange solid. m.p. 183_40 (benzene). 
100 MHz. n.m.r. spectrum (CDC1 3 ) had singlets at 2.951 
(1 proton), 4.55T (3  protons) and 8.05T (12 protons). 
Mass spectrum had a molecular ion at m/e = 324.114851. 
C23H1602 requires 324.115023. 
Infra-red spectrum (mull) 1590cm (intense band) 
Microanalysis: Found C 84.98 H 4.71 
C23H1602 requires 	C 85.19 H 4.94 
Fraction 2 
18g, a white solid, 1_(amino_p_phenylaminO)_2_Penten_ 
4-one. m.p. 105-60 (benzene) { lit. 105-6 01. 
100 MHz. n.m.r. spectrum had singlets at 4.81T, 4.89T, 
7.92T, 7.94, 8.02T and 8.14i' with a broad peak at 
6.12r (NH2 ) and multiplets centred at 3.16T and. 3.4lT. 
Two broad peaks were at -2.3T (N-H). 
Mass spectrum had a molecular ion at m/e = 190. 
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Attempted preparation of hydrocarbon (fraction i) 
Acetylacetofle (20g), pyridine (20g) and benzene (200mls) 
were refluxed for 18 hrs in a Dean and Stark apparatus. 
No solid product was isolated on removal of the solvent. 
Acetylacetone (20g), triethylamine (40g) and benzene 
(200mls) were heated under reflux as above. Again no 
solid product was isolated. 
b) N,N' _bis(methyl_l_but_2_efl_3_ofle) -P-PhenYlefledimne 
p-Phenylenediamine (20g), acetylacetone (509) and benzene 
(300mls) were heated under reflux for 18 hrs in a Dean and 
Stark apparatus. 	On cooling, 49g of needle-like crystals 
were isolated by filtration. m.p. 1810 (ethanol). 
60 MHz. n.m.r. spectrum (CDC1 3 ) had singlets at 2.95T (Li. 
protons), 4.8r (2xC=CH), 7.9r (2xC-CH3 ), 8.O'r (2xC-CH3 ) 
and -2.29 (2xN-H). 
Mass spectrum had a molecular ion at m/e = 272. 
CYCLI SATI ON 
1. Sulphuric acid 
a) l_(amino_p_phenylain0)2Peflten40 1 (lOg) was added to 
conc. sulphuric acid (50mls) at 0-5
0C and the solution 
allowed to come to room temperature. After standing 
overnight, the acid was added slowly with stirring to 
0.88 ammonia at 00C until neutral to litmus paper, 
extracted with chloroform, dried over magnesium sulphate 
and the solvent removed to yield 6.Og of a solid. 
Mass spectrum had a parent ion at m/e = 108. 
60 MHz. n.m.r. speótrum (CDC1 3 ) corresponded to the 
spectrum of p-phenylenediaifline. 
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b) The above procedure was repeated using N,N'-bis-(methyl-
1-but-2-.en--3-one)-p-phenylenediamine (15g). 
Mass spectrum had major ions at m/e = 190,108. 
60 MHz. n.m.r. spectrum (CDC1 3 ) indicated a mixture of 
p-phenylenediamine and l-(amino-p-phenylamino )-2-penten-
4-one. 
2. Anhydrous hydrogen fluoride 
1-(amino-p-phenylamino)--2--penten-4-one (2.0g) was added to 
anhydrous hydrogen fluoride (30mls) and left at room 
temperature overnight. The residue was neutralised with 
50% sodium carbonate solution and the aqueous solution 
extracted with ether, dried over magnesium sulphateand 
the solvent removed in vacuo to yield (l.Og) of a solid 
product. 
60 MHz. n.m.r. spectrum (CDC1 3 ) showed only p-phenylene-
diamine. 
The above experiment was repeated using N,N'-bis(methyl-l-
but-2-en-3-one)-p-phenylenediamine (2. Og). 
60 MHz. n.m.r. spectrum (CDC1 3 ) showed only p-phenylene-
diamine. 
3. Polyphosphoric acid 
a) 1-(amino-p-phenylamino)--2-penten-4-one (5.09) was heated 
with polyphosphoric acid (60g) at 1200C for 2 hrs. 	The 
solution was cooled and added to cold water (250mls). The 
unreacted starting material was removed by filtration and 
the yellow filtrate was neutralised with sodium hydroxide. 
Ether extraction of the red solution at pH=9 yielded 
2.59 of p-phenylenediamine. 
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b) The above reaction was repeated with N,N'-bis(methyl-l-
but-2-en-3-one) -p-phenylenediamine (5.09) to yield a 
solid product. 
60 MHz. n.m.r. spectrum (CIJC1 3 ) showed a mixture of p-
phenylenediamine and i-( aminó-p-phenylamino)-2-penten-
4-one. 
Reduction of N,N'-bis(me rl-l-but- 2-en- 	 lene- 
diamine173 
N, N' .-bis(methyl-l-but-2-en-3-one)-p -pheflylefledi amine 
(5.09) in tetrahydrofuran (150ml) was added to a stirred 
solution of lithium (0.9g) in ammonia (900ml). 	After 10 
mins. ethanol was run in until the colour was discharged. 
Water was immediately added, the solution extracted with 
ether (2 x 500mls) which was dried over magnesium sulphate. 
Removal of the solvent yielded a solid product, 3.2g. 
60 MHz. n.m.r. spectrum (CDC1 3 ) showed a mixture of 1-(amino-
p-phenylaxnino)-2-penten-4-one and p-phenylenediamine. 
Reduction of 1-(amino-p-phenylamino)-2-penten-4-ofle 
The above experiment was repeated using 1-(amino-p-
phenylamino)-2-penten-4-ofle (4.0g) and a solid product, 
1.59 was isolated. 
60 MHz. n.m.r. spectrum (CDC1 3 ) showed only p-phenylenediamine. 
Phenylenediamines and di ethyl ethoxymethylenemalonate 
a) 1,4-bis adduct 
p-Phenylenediamine (3. Og) and diethyl ethoxymethylene-
malonate (15.Omls) were heated together at 110
0 . 	A 
yellow solid was formed within 30 mins., isolated by 





60 MHz. n.m.r. spectrum (CDC1 3 ) had doublets at -1.3T 
(2xN-H; J = 12 c/s), a singlet at 1.45T (4 protons) and 
multiplets at 4.8i (8 protons) and 8.35T (12 protons). 
Mass spectrum had a molecular ion at m/e = 448. 
b) 1,3-bis adduct 
The above reaction was repeated using m-phenylenediamine 
(3.09) to yield a white solid, 6.0g. m.p. 109-110
0 
. 
[lit. 109-110 ° 1. 
60 MHz. n.m.r. spectrum (CDC1 ) had doublets at -1.3T 
(2xN-H; J = 12 c/s) and O'r (J = 12 c/s), multiplets 
centred at 1.5T (4 protons), 4.85T (8 protons) and 8.35r 
(12 protons). 
Mass spectrum had a molecular ion at m/e = 448. 
CYCLI SATION 
The cyclisation procedure required the reactant to be 
added to refluxing diphenyl ether, stirred under reflux 
for 30 mins. and filtered while hot. 
- 	a) The 1,4-bis adduct (4.0g) yielded a yellow solid, 1,5- 
dihydro-3, 7-dicarbethoxy-4,8-dioxopyrido[ 2, 3-g]quinoline, 
2.9g. 	m.p. 283-40 (DM30) [lit. 283-40 1. 
100 MHz. n.m.r. spectrum (DMSO-d 6 ) had singlets at 1.2T 
(2 protons), 1.94M (2 protons) and multiplets at 5.64i 
(quartet; 4 protons). and 8..61T (triplet; 6 protons). 
Mass spectrum had a molecular ion at m/e = 356. 
Infra-red spectrum had an intense band at 1700cm 1 . 
b) The 1,3-bis adduct (4.0g) yielded a white solid, 3,9-di-
carbethoxy-1, 7-dihydro-4, lO-dioxo-1,7-phenanthrolifle, 3.0g. 
m.p. 314-5 0 (DMsO). [lit. 314-501. 
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Reactions of pyruvic acid and phenylenediamines 
1. 	To phenylenediamine (24g, 0.22M) dissolved in water (200mls) 
was added pyruvic acid (80mls) neutralised by sodium 
carbonate. After heating under reflux for 1 hr., a brown 
solid precipitated from the solution and was isolated by 
filtration, 17.5g. 	The product, 6-amino-2-methyl-1,2,3,4- 
tetrahydroquinoline-2,4-dicarboxylic acid, was purified by 
dissolving in base and precipitating with conc. hydrochloric 
acid. 	m.p. > 3500 . 
Mass spectrum had a parent ion at m/e 204.089621. 
C11H12N202 requires 	204.089872. 
Microanalysis: Found C 57.3 H 5.5 N 10.8 
C12H14N204 requires 	C 57.6 H 5.6 N 11.2 
60 MHz. n.m.r. spectrum (T.F.A.) had a broad peak between 
2T and 3'r and broad peaks at 6T and 7i'. 
After a further four hour reflux, acidification to pH=4 
with conc. hydrochloric acid of the cooled solution yielded 
a red solid, 14. 2g, 2, 7-dimethyl-1, 2,3, 4-tetrahydropyrido 
[2, 3-g]quinoline--2,4,9-triôarboxylic acid, which was purified 
as above. 	m.p. 261 0 . [ lit. 261 0 1. 50 
Mass spectrum had major ions at m/e = 298.094989 and m/e = 
300.111127. 
C16H14N204 and C16H16N204 required 298.095349 and 300.110999 
respectively. 
60 MHz. n.m.r. spectrum (T.F.A.) had singlets at 1.7T, 6.9T 
and 8.2T with complex aliphatic peaks. The integral was 
too unstable to obtain an accurate integration. 
Microanalysis: 	Found C 59.4 H 4.4 N 7.9 
C17H16N206 requires C 59.3 H 4.7 N 8.1 
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2, 7-dimethyl-1, 2,3, 4-tetrahydro-2, 4 9-tricarboxyethylpyrido 
[2, 3-gguinoline 
2, 7-Dimethyl-1, 2,3, Ll._tetrahydropyrido [ 2, 3-g] quinoline-
2,4,9-tricarboxylic acid (l.Og), ethanol (15mls) and conc. 
sulphuric acid (3mls) were heated under reflux for 30 mins. 
The solution was diluted with water, neutralised with sodium 
carbonate, extracted with ether and the ethereal solution 
dried over magnesium sulphate. 	The solvent was removed in 
vacuo and the product purified by chromatography over alumina 
elutingbenzene to yield a yellow solid 0.8g. m.p. 117-8 0  
(benzene) [lit. 117_117.50 1. 
60 MHz. n.m.r. spectrum (CDC1 3 ) had singlets at 2.18T, 2.31T, 
2.41T 9 4.87T (N-H) and 7.40i with multiplets centred at 5.77T 
and 8.8'r. 
Mass spectrum had a molecular ion at m/e = 428.196815. 
C23H28N206 requires 428.194723. 
2, 7-dimethyl-1,2,3, 4-tetrahydro-2, 4, 9-tricarboxymethylpyrido 
112, 3-g]guinoline 
a) The above procedure was repeated but using methanol (15mls) 
as solvent. The product was purified by chromatography 
eluting benzene. 	0.6g. m.p. 195-60  (benzene) [lit. 195-60 
 ] 
60 MHz. n.m.r. spectrum (CDc13 ) had singlets at 2.131, 
2.23T and 2.43r, each integrating for one proton. Methyl 
singlets at 6.05T, 6.20T, 6.32'r, 7.33r and 8.47r, 
multiplets at the base of the lower groups of methyl 
signals and at 7.6T as well as an N-H proton at 5.OT corn-
pleted the spectrum. 
Mass spectrum had a molecular ion at rn/e = 386. 
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b) The methyl ester was also prepared using BF3/methanol 
from the synthesis developed by Hallas. 174 The spectro-
scopic data was as above. 
6-amino-2, 4-dicarboxymethyl-2-methyl-1, 2,3, 4-tetrahydro- 
guinoline 
l.Og of the dicarboxylic acid was methylated with methanol 
(15mls) and conc. sulphuric acid (3mls) using the method 




60 MHz. n.m.r. spectrum (CDC1 3 ) had doublets at 2.21T 
(J = 2 c/s) and 2.32T (J = 7 c/s) with a pair of doublets 
at 2.92T (J = 7 c/s, J = 2 c/s). 	An NH2  peak at 5.7T and 
methyl singlets at 6.12T, 7.41T and 7.92i as well as 
multiplets centred at 6.45'r completed the spectrum. 
Mass spectrum had a molecular ion at m/e = 278. 
Microanalysis: Found C 60.24 H 6.71 N 9.83 
C14H18N204 requires 	C 60.42 H 6.47 N 10.07 
The methyl ester was also prepared using BF 3/MeOH by the 
method discussed earlier. 	The spectroscopic data was as 
above. 
2, 7-Dimethylpyrido r 2, 3-gi guinoline 
Benzophenone (20g) and 2, 7-dimethyl-1, 2,3, 4-tetrahydro-
pyrido[ 2 , 3-g]quinoline-2 , 4,9-tricarboxylic acid (1.5g) were 
heated under reflux (- 300
0C) until no more carbon dioxide 
was evolved ( 3 hrs). 	After cooling, the mixture was, dis- 
solved in ether and extracted with dilute hydrochloric acid.. 
The aqueous layer was neutralised with sodium bicarbonate, 
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extracted with ether and the ethereal solution was removed 
in vacuo after drying over magnesium sulphate. The product 
was an oil which was chromatographed over alumina to yield 
yellow crystals (0.5g). 	m.p. 237-80 (benzene)[lit. m.p. 
2380 1. 50 
60 MHz. n.m.r. spectrum (CDC1 3 ) had peaks at 1.51T (singlet), 
1.76'r (doublet, J = 8 c/s) and 2.73'r (doublet, J = 8 c/s). 
A singlet at 7.2T integrated for six protons (2 x C-CH 3 ). 
Mass spectrum had a molecular ion at m/e = 208.100175. 
C14H12N2 requires 208.100043. 
Oxidation of 2, 7-dimethylpyrido[2, 3-g]guinoline 
Chromium oxide175 
2, 7-Dimethylpyrido[2, 3-g]quinoline (0. 2g) dissolved in 
acetic acid (2mls) was added to chromium oxide (0.2g) 
dissolved in acetic acid (3mls) and water (lml). 	The 
mixture was heated under reflux for 10-15 mins. until 
completely homogeneous. 	Ethanol (10mls) was added to 
reduce the excess chromium oxide and the solution was 
heated under reflux for a further 10 mins. After neu-
tralising with sodium bicarbonate, the cooled solution was 
extracted with chloroform. No product was obtained and a 
continuous extraction method was used. Again no product 
was obtained. 
Potassium dichromate 
2,7-Dimethylpyrido[2, 3-g]quinoline (0. 2g), acetic acid 
(lOmIs), water (lml) and powdered potassium dichromate 
(0.4g) were boiled under reflux for 2 hrs. 	After cooling, 
the reaction mixture was poured into a saturated salt 
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solution (lOOmi). 	No precipitate was observed. 
Extraction with chloroform yielded.no  product. 
2. m-Phenylenediamine (12.0g, 0.11M) was dissolved in methanol 
(200mls) and to this solution was added pyruvic acid (40mls) 
neutralized with sodium carbonate. After heating for 4 hrs 
the solution was cooled and an insoluble red product was 
isolated by filtration. 	The product, 2,8-dimethyl-1,2,3,4- 
tetrahydropyrido[3, 2-g]quinoline-2, 4, 6-tricarboxylic acid, 
was purified by repeatedly dissolving in base and precipi-
tating with hydrochloric acid to give a reds. solid, 6.4g. 
m.p. 213-40 . 
60 MHz. n.m.r. spectrum (TFA) had singlets integrating for 
1 proton at 1.03T, 2.11r and 2.76; C-methyl singlets at 
7.02 and 8.19 1 and multiplets at 5.8r and 7.3T. 
Mass spectrum had a parent ion at m/e = 300.110782. 
C16H16N204 requires 300.110999. 
Microanalysis: Found C 59.4 	H 4.59 	N 8.0 
C17H16N206 requires 	C 59.4 	H 4.65 	N 8.1 
Dilution of the methanolic solution with water yielded 
4.39 of a brown solid, 7-amino--2-methyl-1,2,3,4-tetrahydro-
quinoline-2,4-dicarboxylic acid, purified as above. m;p. 
>350° . 
60 MHz. n.m.r. spectrum (TFA) had broad signals between 2'r 
and 3r and between 6T and 7r. 
Mass spectrum had a parent ion at m/e = 202.073924. 
C11H10N202 requires 202.074222. 
Microanalysis: Found C 60.1 	H 6.4 	N 9.8 
C12H14N204 requires 	C 60.4 	H 6.5 	N 10.1 
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2,8-Dimethyl-1, 2,3, 4-tetrahydro-2, 4,-tricarboxyethyl-
pyrido3, 2-g]guinoline 
2,8-Dimethyl-1, 2,3, 4-tetrahydropyrido[3, 2- g]quinoline-
2,4,6-tricarboxylic acid (1.0g), ethanol (15mls) and conc. 
sulphuric acid (3mls) were heated under reflux for 30 mins. 
The product was isolated as for previous esterifications. 
A yellow solid (0.7g) m.p. 115-60 (benzene) was obtained. 
Mass spectrum had a molecular ion at m/e = 428. 
60 MHz. n.m.r. spectrum (CDC1 3 ) had singlets at 1.55", 2.52'r, 
4.87T and 7.33T. Multiplets from ethyl groups, a complex 
aliphatic region under the methylene protons from the ethyl 
groups and an N-H singlet at 4.9T complete.d the spectrum. 
2,8-Dimethyl-1, 2,3, 4-tetrahydro-2, 4, 6-tricarboxymethyl-
pyrido[ 3, 2-g] guinoline 
2,8-Dimethyl-1, 2,3, 4-tetrahydro[3, 2-g]quinoline-2 , 4,6-
tricarboxylic acid (l.Og) was methylated by BF3/methanol, 
using the method described earlier, to yield a yellow solid 
product (0.6g), m.p. 188-90 (benzene). 
60 MHz. n.m.r. spectrum (CDC1 3 ) had singlets at 1.55", 2.52 
and 2.87'r. 	The aliphatic region had singlets at 6" - 6.5 
and at 7.3T. 
Mass spectrum had a molecular ion at m/e = 386. 
Microanalysis: Found C 62.31 	H 5.96 	N 7.12 
C20H22N206 requires C 62.16 	H 5.74 	N 7.25 
7-Amino-2--methyl-1, 2,3, 4-tetrahydro-2, 4-dicarboxymethyl-
guinbline 
7-Aniino--2-methyl--1, 2,3, 4-tetrahydroquinoline--2, 4-
dicarboxylic acid (l.Og) was esterified with BF3/methanol, 
144 
using the method described earlier,, to yield a yellow solid 
(0.7g), m.p. 243-4 0 (ethanol). 
60 MHz. n.m.r. spectrum had doublets at 2.18'r (J = 7 c/s) and 
2.41'r (J = 2 c/s) with a pair of doublets at 2.94T (J = 7 c/s; 
J = 2 c/s). An NH 2 peak at 5.65T and methyl singlets at 
6.14i, 7.43T and 7.90T as well as multiplets centred at 6.5i 
completed the spectrum. 
Mass spectrum had a molecular ion at m/e = 278. 
Microanalysis: Found C 60.08 	H 6.22 	N 9.95 
C1018N204 requires 	C 60.42 	H 6.52 	N 10.07 
Reactions of pynivic acid and bicyclic products 
6-Amino-2-methyl-1,2,3, 4-tetrahydroquinoline--2, 4-dicarboxylic 
acid (2.0g) was dissolved in water (50mls) and to this was 
added pyruvic acid (5mls) neutralised by sodium carbonate. 
The mixture was heated under reflux for 6 hrs and the brown 
solid precipitated from solution on cooling. 	1.8g of 
the dicarboxylic acid was recovered unchanged. 
7-Amino-2-methyl-1,2,3, 4-tetrahydroquinoline-2, 4-dicarboxylic 
acid (2.0g) was treated as above and 1.7g was recovered 
unchanged. 
Reactions of phenylenediamines and ethyl pyruvate 
i) Ethyl pyruvate (lOg) was added to p-phenylenediamine (2g) 
dissolved in a mixture of ethanol (25m1s) and water (25mls). 
This mixture was heated under reflux for 3 hrs, the product 
separated out on cooling and was isolated by filtration. 
The brown' solid was insoluble in common organic solvents. 
Compound did not ionise in the mass spectrometer. 
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ii) The above reaction was repeated using m-phenylenediamine 
(2.0g). 	A brown product, insoluble in common organic 
solvents was obtained. The compound did not ionise in 
the mass spectrometer. 
Dimer of pyruvic acid 
A current of hydrogen chloride was passed through 
pyruvic acid (20g) at its melting point, approx. 80C, for 
12 hrs. The product was allowed to stand over sulphuric 
acid and after two days white crystals were observed. These 
were isolated by filtration and the hydrochloric acid was 
removed by evaporating several times with chloroform, 6g. 
m.p. 113-115° . [lit. m.p. 115_601.65 
60 MHz. n.m.r. spectrum had singlets at 0.7'r, 3.6T, 7.5T and 
8.25r. 
Mass spectrum had a molecular ion at m/e = 158.021636 
C 6 H 6  0 5 requires 158.021519 
Phenylenediamines and the dimer of pyruvic acid 
1) p-Phenylenediamine (1.2g) was dissolved in water (40mls) by 
heating and to it was added the pyruvic acid dimer (3. 6g) 
dissolved in water (20mls). After heating under reflux 
for 15 mins. a red solid was formed. 	This was isolated 
by filtration leaving a yellow solution. The red product 
was purified by dissolving in base and precipitation with 
acid. Yield = 2.1g. m.p. 258-260 0  [lit. m.p.2610]. 
60 MHz. n.m.r. spectrum (TFA) was identical to that of 
2,7-dimethyl-1,2, 3,4-tetrahydropyrido[2, 3-g]quinoline-2,4, 
9-tricarboxylic acid. 
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Mass spectrum had a parent ion at m/e = 300 
Microanalysis: Found C 59.51 	H 4.39 	N 8.46 
C17H16N206 requires C 59.33 	H 4.68 	N 8.14 
ii) The above reaction was repeated using m-phenylenediamine 
(1.2g) to yield a red solid (2.0g) purified as above. 
m.p. 209_2110. 
60 MHz. n.m.r. spectrum (TFA) had a spectrum identical 
to that for 2,8-dimethyl-1, 2,3, 4-tetrahydropyrido[3, 2-g] 
quinoline-2, 4, 6-tricarboxylic acid. 
Mass spectrum had a parent ion at m/e = 300. 
Microanalysis: Found C 59.6 	H 4.92 	N 7.88 
C17H16N206 requires 	C 59.3 	H 4.68 	N 8.14 
Phthalic Anhydride and Pyrrole 	 . 
a) To phthalic anhydride (7.4g) suspended in benzene (50mls) 
at 50C was added pyrrole (3.359). 	To this stirred mixture 
was added stannic chloride over a period of 15 mins. An 
orange complex was formed and the reaction mixture was 
allowed to come to room temperature. 	Ice and aqueous 
hydrochloric acid were added and the mixture heated, with 
continued stirring, to 60 0C for 30 mins. After cooling, 
the benzene layer was separated to yield phthalic acid 
(1.8g). 	The aqueous layer was extracted with chloroform 
and removal of the solvent yiel led a purple oil which 
solidified on standing. 
Mass spectrum had major ions at m/e = 197,148. 
60 MHz. n.m.r. spectrum (CDC1 3 ) showed phthalic anhydride 
present. 	. . 
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The above reaction was repeated with the reactants being 
added at room temperature after which the stirred solution 
was heated under reflux for l- hrs. 	On cooling a purple 
product was isolated by filtration. 	Chromatography over 
alumina eluting with toluene yielded a yellow solid, 2.39. 
m.p. 240-2410 [lit. m.p. 240-2410 1. 
100 MHz. n.m.r. spectrum (CDC1 3 ) had multiplets centred 
at 1.74'r (2 protons), 2.25T (3 protons), 2.70 (1 proton, 
J = 3.5 c/s) and 3.51'r (1 proton, J = 3.5 c/s, 3.1 c/s). 
Mass spectrum had a molecular ion at m/e = 197.047811. 
C12H7NO2 requires 197.047675. 
U.V. spectrum: Xmax 	.L 36Pm, e max2 ' 400 	max 	emax 4,2OO; 
Xmax3l2mM, e max4'00 
Microanalysis: Found C 73.4 	H 3.85 	N 6.79 
C12H7NO2 requires 	C 73.01 H 3.58 	N 7.10 
Phthalic anhydride (7.4g) and pyrrole (3.359) were sus-
pended in sym-tetrachioroethane (150mls) at 00C. Titanium 
tetracthloride (20mls) was added, the mixture stirred for 
1 hr at 00C and allowed to come to room temperature. 
Water (SOmls) was added and the black solid material went 
into solution. 	The tetrachioroethane. layer was separated 
and evaporated to dryness to yield a black oil. The oil 
was chromatographed over alumina to give a yellow solid, 
l.lg, pyrrolo[l, 2-b]isoquinoline_5,1O_dione. 
Phthalic anhydride and N-methyl pyrrole 
a) To phthalic anhydride (7.4g) and N-methyl pyrrole (Smls) 
in benzene (SOmls) at 0-5 °C was added stannic chloride 
(26g). 	The mixture was stirred for 1 hr then allowed 
to come to room temperature. 	Dilute hydrochloric acid 
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was added and the insoluble material was isolated by 
filtration. Recrystallisation from ethanol yielded a 
white solid. 1.59. m.p. 284-285
0
. 
60 MHz. n.m.r. spectrum (CDC1 3 ) had multiplets. centred 
at 2.0T (2 protons), 2.5T(2 protons), 3.14'r (triplet, 
1 proton), 3.70T (quartet, 1 proton) and 3.96T (quartet, 
1 proton). 	An N-methyl singlet at 5.98'r and an acidic 
proton at -1.31 completed the spectrum. 
Mass spectrum had a molecular ion at m/e = 229.074006 
C13H11NO3 requires 229.073887. 
Microanalysis: Found C 66.58 	H 4.82 	N 6.17 
C13H11NO3 requires C 66.35 H 5.10 	N 6.45 
The aqueous layer was extracted with chloroform. 
60 MHz. n.m.r. spectrum (CDC13 ) had no pyrrole protons. 
The benzene layer yielded, on analysis by 60 MHz. n.m.r., 
a mixture of phthalic acid and phthalic anhydride. 
1-Methyl-benz[f]indole-42 9-dione 
o_(N_methylpyrroloyl)-benzoic acid (1.0g) was heated 
under reflux with acetic anhydride (20mls) for 2 hrs. The 
acetic anhydride was removed in vacuo and the product was 
evaporated to dryness with toluene (3 x Somls) and carbon 
tetrachloride (3 x Somls). 	Chromatography over silica 
eluting toluene yielded an orange solid, 0.75g. 
m.p. 175-176 0 (benzene). 
b) Phthalic anhydride (7.4g) and pyrrole (Smls) were dis-
solved in tetrachioroethane (lOOmis). 	Staimic chloride 
(26g) was added to the solution at 0-5 0C, the solution 
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left at 0-9c for 1 hr before being allowed to come to 
room temperature. The solvent was removed in vacuo. 
Chromatography over silica eluting with toluene yielded 
two fractions. 
Fraction 1 
4.39. This was identified as phthalic anhydride. 
Fraction 2 
1.2g. Identified as 0-(N-methylpyrroloyl)-benzoic acid, 
as above. 
The above reaction was repeated using titanium tetra-
chloride (20mls). 	Chromatography over silica yielded 
O-(N-methylpyrroloyl)benzoic acid, 1.1g. 
Phthalic anhydride (7.4g), hypophosphorous acid (lOg) and 
tetrachioroethane (150mls) were mixed at 0-5°C. N-methyl 
pyrrole (10mls) was added to the stirred solution which, 
after 30 mins. at 0-5°C, was allowed to come to room 
temperature overnight. Addition of water gave phthalic 
anhydride, 7.19. 
Acylation of pyrroles in acetic acid 
i) Phthalic anhydride (1.59), pyrrole (lml) and acetic acid 
(5m1) were heated under reflux overnight. The acetic 
acid was removed in vacuo. 	TLC (benzene, silica) red 
band (rFO.75), purple band (rFO.25).and base line. 
Chromatography over alumina eluting benzene yielded two 
components. 	The insoluble material, 2.9g, was a black 
° solid m.p. > 350. 
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Fraction 1 
0.519. Red solid, 1-(1 1 -pyrrole) -pyrrolo[ 1 , 2-b]isO-
quinoline-5,10-dione, m.p. 207-208 0 (benzene). 
60 MHz. n.m,r. spectrum (CDC1 3 ) had multiplets centred 
at 1.74r (2 protons), 2.18i (2 protons), 2.99T (1 proton), 
3.237 (1 proton), 3.311 (doublet, J = 3.2 c/s) and 3.647 
(1 proton). 
U.V. spectrum: ) max49Om , em 9, 3oo; Xmax 	m 13' 500•  
Mass spectrum had a molecular ion at m/e = 262.074109. 
C16H10N202 requires 262.074222. 
Microanalysis: Found C 72.95 	H 3.77 	N 10.36 
C16H10N202 requires C 73.28 	H 3.81 N 10.69 
Fraction 2 
0.1g. Purple solid, 3-(1 1 -pyrrole) -pyrrolo[ 1 , 2-b]iso-
quinoline-5,10-dione, m.p. 194-5 0 (benzene). 
60 MHz. n.m.r. spectrum (CDC1 3 ) had multiplets centred at. 
1.691 (2 protons), 2.111 (2 protons), 2.571 (doublet, 
J = 3.7 c/s), 3.01'r, 3.157, 3.247 (doublet, J = 3.7 c/s) 
and 3.647. 
U.V. spectrum: Xmax48Off4L max9'°°°  Xmax250 12,500. 
Mass spectrum had a molecular ion at m/e = 262.074097. 
C16H10N202 requires 262.074222 
Microanalysis: Found C 73.01 	H 3.83 	N 10.40 
C16H10N202 requires C 73.28 	H 3.81 N 10.69 
ii) Phthalic anhydride (1.5g), N-methyl pyrrole (imi) and 
acetic acid (imi) were heated under reflux for 1 hr. 
The acetic acid was removed in vacuo. The benzene-in- 
151 
soluble fraction was a white solid, 1.2g. m.p. 184-185 0 
 
(ethanol). 
60 MHz. n.m.r. spectrum had multiplets centred at 1.70i 
(2 protons), 2.22'r (4 protons), 3.14'r (quartet; J = 
4.5 c/s, 1.5 c/s) and 3.59T (quartet, J = 4•5 c/s, 2 c/s)'. 
An N-methyl singlet (6 protons) was at 5.88i. 
Mass spectrum had a molecular ion at m/e = 292.121403. 
C18H16N202requires 292. 121170 
Microanalysis: Found C 73.66 	H 5.15 	N 10.72 
C18H16N202 requires C 73.97 	H 5.48 	N 10.69 
p-Benzoguinones and aminothiols 
1) p-Benzoquinone (l.lg) and 0-aminobenzenethiol (l.5ml) were 
heated together in benzene on a steam bath, overnight. On 
cooling, a crop of white crystals (1.59) was isolated by 
• . filtration. 	Chromatography over alumina yielded two 
fractions. 
Fraction 1 
0.8g. eluted benzene. 	Its physical properties were 
identical to an authentic sample of hydroquinone. 
Fraction 2 	 . 
0.7g eluted benzene, 3-hydroxyphenothiazine, white solid. 
m.p. 176-1770 (benzene) [lit. m.p. 175_177.50 1 . 114 
100 r'rliz. n.m.r. spectrum (DMSO) had multiplets centred 
at 2.95T and 3.35'r as well as broad singlets at 0.9T and 
1.17. 
Mass spectrum had a molecular ion at m/e = 215.040159. 
C12H9 NSO requires 215.040483. 
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To chloranil (2.44g) in benzene (150mls) was added. 
0-aminobenzenethiol (1.5mls) and the yellow solution 
changed colour to red. After heating on a steam bath 
for 2 hrs, the solution was cooled and a green solid 
(0.6g) was isolated by filtration. M.P. 175-60 (dioxan). 
Sample insufficiently soluble to yield n.m.r. spectrum. 
Mass spectrum had molecular ions at.m/e = 388, 390 and 392. 
C18H10C12N2S2 requires 387.966246. 
Infra-red had a band at 3500cm(N-H). 
The filtrate was evaporated to dryness to yield, 1,2,4-
trichloro-3H-phenothiazine-3-one, 1.4g. M.P. 227 0 (chloro-
benzene) [lit. M.P. 227 0 1. 
Mass spectrum had molecular ions at m/e = 315,317,319,321. 
Oxidation of 5,12-dihydro-6,13-dichlorobenzol1 2 4ltbJ-azino 
r 2, 3-biphenothiazine 
Heating the title compound (0.39) in nitrobenzene 
(3mls) at reflux for 30 mins. yielded a solid product (0.2g), 
6 , 13-dichlorobenzo[ 1 , 4]thiazino[ 2 , 3-b]phenothiazine. M.P. 
> 350° . 
Mass spectrum had major ions at m/e = 386, 388 and 390. 
p-Benzoquinone (0.6g)., 2-aminoethanethiol hydrochloride 
(0.7g) and dimethyl formamide (20mls) were mixed at room 
temperature and heated under reflux overnight. After 
cooling, water was added until a precipitate was observed. 
The solid product (0.8g), was isolated by filtration. 
M.P. 190_1910  (DMSO). 
The sample was insufficiently soluble for an n.m.r. spectrum. 
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Mass spectrum had a molecular ion at m/e = 236.008011. 
C1QH8N282 requires 236.007805. 
The dimethyl formamide solution was evaporated to dryness 
to yield a crude sample (0.2g) of the above product. 
1, Li._Naphthoguinon and ethylenediarnine 
6-Hydroxybenzo [f] guinoxaline 
Ethylenediamine (4.0g) was added to 1,4-naphthoquinone 
(5.0g) dissolved in hot ethanol (200mls). 	An immediate 
colour change from yellow to red was observed. The solution 
was heated under reflux for 1 hr, cooled and a crop of orange 
crystals (4.0g) was isolated by filtration. 	The filtrate 
yielded 1.9g of the same product. 	m.p. 2700 dec. Re- 
crystallisation by extraction with ethanol. 
U.V. spectrum: Xmax26OmI.i, max9 ' 40° 	Xmax32Ofl1 L c 	7 9 200 max 
Xmax34Om, c 	7,300 X 	370mit, e 	8 9 400 max 	max 	max 
Mass spectrum had a molecular ion at m/e = 196. 
C12H8N20 requires 196.063659 
The 100% ion was m/e = 168 (Pt CO) 
Microanalysis: Found C 73.30 	H 3.92 	N 13.93 
C12H8N20 requires 	C 73.47 	H 4.08 	N 14.29 
Infra-red spectrum had no C=0 stretch but had a band at 
3400cm(OH). 
5-Chloro-6-hydroxybenzo r fi guinoxaline 
Ethylenediamine (5.0g) was added to 2,3-dichloro-1,4-
naphthoquinone (4.52g) dissolved in dried, re-distilled benzene 
(100 mls). 	The solution was heated under reflux overnight 
and, on cooling, a precipitate was isolated by filtration and 
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dried at the pump, 4.0g. m.p. > 3200 (chlorobenzene). 
Mass spectrum had molecular ions at m/e = 230.024919 and 
232.021855. 
C12H7C1N20 requires 230.24687 and 232.021737. 
The first fragmentation is loss of 28 to m/e 204,202. 
Microanalysis: Found C 62.19 	H 2.66 	.N 6.24 
C12H7C1N0 requires 	C 62.47 	H 3.04 	N 6.07 
2-Chloro-1, 4-naphthoguinone 
Ethylenediamine (l.Og) was added to 2-chloro-1,4-
naphthoquinone (l.Og) dissolved in benzene (80mls) and the 
mixture was heated under reflux for 1 hr. After cooling, 
a dark precipitate (1.2g) was isolated by filtration. 
Mass spectrum had parent ions at in/e = 196 and m/e = 320, 232. 
2- ( 2-Amino ethyiN, N-di ethylamino ) -1, 4-naphthoguinone 
An excess of N,N-diethylethylenediamine (3mls) was 
added to 1,4-naphthoquinone (1.58g) in ethanol (150mls) and 
the solution was heated under reflux overnight. The solvent 
was removed in vacuo to yield an oil which was chromatographed 
over alumina (bOg) eluting with benzene to yield a red 
product (2.0g). 	m.p. 76-770 (benzene). 
100 MHz. n.m.r. spectrum (CDC1 3 ) had an A 2 B 2  spectrum centred 
at 2.lT, a singlet at 4.31T (1 proton), a broad labile peak 
at 3.38T which was almost resolved into a triplet and multi-
plets centred at 6.82T, 7.41i, 8.96T. 
Mass spectrum had a molecular ion at m/e = 272. 
Accurate mass measurement yielded C 16H20N202 . 
Microanalysis: Found C 70.63 	H 7.30 	N 10.11 
C16H20N202 requires C 70.59 	•H 7.35 	N 10.29 
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2-(2-Arninouthyl N,N-diethylamino)-3-chloro-1, 4-naphthoguinone 
The above experiment was repeated using 2,3-dichloro-1, 
4-naphthoquinone (2.39) to yield a red solid (2.6g). 
m.p. 104-1050 (benzene). 
100 MHz n.m.r. spectrum (CDC1 3 ) was similar to the above 
spectrum but with the absence of the singlet at 4.31r. 
Mass spectrum had a molecular ion at m/e = 306. 
2-Ethylamino-1, 4-naphthoguinone 
To l,L_naphthoquinone  (l.58g) in ethanol (150mls) was 
added an excess of ethylamine (5mls) and the solution was 
heated under reflux for 2 hrs. The solvent was removed in 
vacuo to yield a red solid, 1.7g. 	m.p. 140_1410  (Pet-ether) 
[lit. m.p. 140_141 0 ]. 276 
60 MHz. n.m.r. spectrum (CDC1 3 ) an AA'BB' system centred at 
2.1T, a broad labile triplet at 3.9r, a singlet at 4.317 and 
multiplets centred at 6.807 and 8.917. 
Mass spectrum had a molecular ion at m/e = 201. 
66 '-Dihydroxy-5, 5' -bis-benzolf]guinoxaline 
6-Hydroxybenzo[f]quinoxaline (l.Og) was dissolved in 
acetic anhydride (lOmis) and the solution heated under reflux 
overnight. 	The solvent was removed in vacuo and the product 
evaporated to dryness with toluene (3 x 50mls) to yield a 
brown solid, 1.8g. m.p. > 350 (DMSO). 
Mass spectrum had a molecular ion at m/e = 390. 
Accurate mass measurement gave C 22H14N402 . 
The first fragmentation was to m/e = 195. 
Microanalysis: Found C 66.82 	H 3.28 	N 14.71 
C22H14N402 requires C 67.69 	H 3.59 	N 14.36 
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1, Li.-Naphthoquinones and aminothiols 
(1) Addition of 0-aminobenzenethiol (3.Omls) to 2,3-dichioro-
1,4-naphthoquinoné (2.26g) dissolved in chlorobenzene (7.5 
mis) caused a colour change from yellow to red. The 
solution was heated under reflux overnight. The solvent 
was removed in vacuo. Chromatography over silica yielded 
three fractions. 
Fraction 1 
1.0g. 0-aminophenyidisulphide, eiuted benzene, yellow 
solid. m.p. 98.5-99.5 0  [lit. 89.5_9101.181 
100 MHz. n.m.r. spectrum (CDC1 3 ) had multiplets centred at 
2.9T and 3.4i with a broad singlet at 5.8. 
Mass spectrum had a molecular ion at m/e = 248. 
Fraction 2 
1.2g. 5,16-dithia-5,10-diazanaphtho[2, 3 -a]benzo[a]anthracene 
eluted benzene. m.p. 296-7 0 (pyridine) [lit. m.p. 296_70]0 
Mass spectrum had a molecular ion at m/e = 368.043314. 
C22H12N2S2 requires 368.044189. 
Fraction 3 
0.1g. 6-chloro-5H-benzo[a]phenothiazin-5-one, orange 
solid, eluted benzene. m.p. 224-50 [lit. m.p. 224_501.124 
Mass spectrum had a molecular ion at m/e = 263.040227. 
C16H9NOS require 263.040483. 
ii) 5,16-Dithia-5,10-diazanaphtho[2, 3-a]benzo[alanthracene 
0-Aminobenzenethiol (Smls) was added to 2,3-dichloro-1,4--
naphthoquinone (5.0g) dissolved in pyridine (100mls). 
The solution was heated under refiux overnight, allowed to 
cool, the precipitate was isolated by filtration and washed 
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with methanol, 6.39. m.p. 296-70 [lit. m.p. 	296-70 1. 
Mass spectrum had a molecular ion at m/e = 368. 
iii) 1,4-Naphthoquinone (3.2g) and 2-aminoethanethiol 
hydrochloride (4.0g) were heated under reflux for 2 hrs. 
in N,N-dimethylaniline (20mls). 	The solvent was removed 
by distillation under reduced pressure and the residue 
was recrystallised from pyridine, 3.0g. m.p. 29560. 
Mass spectrum had a molecular ion at m/e = 268, 270 (one 
sulphur atom). Accurate mass measurement gave C 14H8N2S2 . 
Infra-red spectrum had no C=O band. 
Reactions of 5,16-dithia-5,10-diazanaphtho[2, 3-albenzola] 
anthracene with metal carbonyls 
The general procedure for the thermolyis reactions was 
to heat the title compound under reflux overnight in 
diglyme with the appropriate metal carbonyl; the re-
actions being carried out under a nitrogen atmosphere. 
The general procedure for the photolysis reactions was 
similar, except that the solution was irradiated with an 
ultra-violet lamp. 
Thermolysis of iron pentacarbonyl (2mls) and the title corn-
pound (0.2g) in diglyme (100mls) yielded only a precipitate 
of the starting compound. 
Repeating the above reaction with chromium hexacarbonyl 
(0.39) yielded only the starting compound. 
Photolysis of iron pentacarbonyl (2m1) and the title 
compound in diglyme (lOOmis) yielded only a precipitate 
of the starting compound. 
iv) Repeating the above reaction with chromium hexacarbonyl 
(0.39) yielded only the starting compound. 
Naphthazarin and ethylenediamine 
To a solution of naphthazarin (2.5g) dissolved in 
chlorobenzene (200mls) was added ethylenediamine (Smls) and 
the solution was allowed to stand overnight at room temperature. 
A precipitate was isolated by filtration, 1.59, 6,12-dihydroxy-
quinoxa]ine[7,8-h]quinoxaline. m.p. > 3200 (DMSO). 
Mass spectrum had a molecular ion at m/e = 264.064557. 
C14H8N402 requires 264.064721. 
Microanalysis: Found C 63.90 	H 2.87 	N 20.94 
C14H8N402 requires C 63.63 	H 3.03 	N 21.21 
The green filtrate was evaporated to dryness and 
extracted with benzene to yield 6,7,10-trihydroxy-1,2,3,4-
tetrahydrobenzo[f]quinoxaline, 0.2g. m.p. 192-3 0 (chioro-
benzene). 
Mass spectrum had a molecular ion at m/e = 232.084464. 
C12H12N203 requires 232.084786. 
Microanalysis: Found C 61.82 	H 4.84 	N 12.60 
C12H12N203 requires C 62.07 	H 5.17 	N 12.07 
5-Hydroxybenzo[a]phenazine 
To 1,4-naphthoquinone (1.58g) in ethanol (lOOmis) was 
added o-phenylenediamine (1.08g) in ethanol (100mls) and the 
red solution was heated under reflux for l- hrs. 	On cooling, 
a red solid (1.5g) precipitated from the solution and was 
isolated by filtration. m.p. 269-2700 (ethanol) [lit. m.p. 
269_2700].325 
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60 MHz. n.m.r. spectrum (TFA) had doublets at O.38T (J = 7 
c/s) and 0.82T (J = 7 c/s) with a complex multiplet centred 
at 1.8T. 	The signals were poorly resolved. 
Mass spectrum had a molecular ion at m/e = 246.079212. 
C16H10N20 requires 246.079308. 
Infra-red spectrum was poorly resolved. 
5-Hydroxy-6-chlorobenzo a]phenazine 
A suspension of 2,3-dichloro-1,4-naphthoquinone (2.8g) 
and o-phenylenediarnine (1.6g) in ethanol (25mls) was heated 
on a steam bath for 4 hi-s. 	On cooling a red solid (2.7g) 
precipitated from the solution and was isolated by filtra-
tion. m.p. 268 0 (acetic acid). [lit. m.p. 268 0 ]. 
Mass spectrum had major ions at m/e = 280, 282 (one chlorine 
atom). 
Oxidation of 5-hydroxybenzo [a]phenazine 
1) 5-Hydroxybenzo[a]phenazine (0.6g) was dissolved in warm 
acetic acid(gl)(loomls) and to the solution was added 
hydrogen peroxide (3mls; lOOvols). 	The solution was 
heated under reflux and within one hour the purple solution 
became orange. 	On cooling a precipitate was formed, water 
(15mls) was added and the orange precipitate isolated by 
filtration, 0.2g. 	The filtrate was evaporated to dry- 
ness to yield an oil from which an orange solid (0.39) 
was isolated by addition of acetone. 	Both products were 
shown to have identical spectra. m.p. 189_191 0 . 
100 MHz. n.m.r. spectrum (TFA) was not well resolved but 
a doublet at 0.58T (J = 7 c/s), as well as complex 
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multiplets centred at 1.5'F, was identified. 
Mass spectrum had a molecular ion at m/e= 248.094862. 
C16H12N20 requires 248.094958.. 
Microanalysis: Found C 76.71 	H 4.74 	N 10.77 
C16H12N20 requires C 77.42 	H 4.83 	N 11.29 
ii) The above reaction was repeated with 5-hydroxybenzo[a] 
phenazine (0.39), phthaiic anhydride (2.0g), benzene 
(200 mis) and hydrogen peroxide (lomls; lOOvols). 	The 
phthalic anhydride was removed from the product by sub- 
limation. 	An orange solid (0.2g) was isolated and was 
shown to be identical to the above product by a comparison 
of spectra and melting point. 
Oxidation of 5-hydroxy-6 -chlorobenzo[a]phenazine 
5-Hydroxy--6-chlorobenzo[a]phenazine (0. 5g) was dissolved 
in warm acetic acid (Somls) and to this was added hydrogen 
peroxide (3mls.; lOOvols). 	The solution was heated under 
reflux for one hour, cooled and water (15mls) was added. 
The yellow precipitate (0.39) was isolated by filtration. 
m.p. 224_50  (chlorobenzene). 
100 MHz. n.m.r. spectrum was not obtained because of the in-
solubility of the product. 
Mass spectrum had major ions at m/e = 314.000708, 316, 318. 
C16H8C12N20 requires 314.001365. 
6-Pyridiniumbènzo [ a]phenazine -5-oxide 
2, 3-Dichloro-1, 4-naphthoquinone (2. 26g) and o-phenylene-
diamine (1.08g) in pyridine (50mls) were heated under reflux 
overnight. 	On cooling, a precipitate was formed and the 
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orange solid (2.5g) was isolated by filtration. m.p. 322
0 
. 
[lit. m.p. 323 0 1. 
Mass spectrum had a parent ion at m/e = 323. 
5, 6-Benzo[a]phenazine guinone 
6-Pyridiniumbenzo[a]phenazine-5-oxide (1. 2g), acetic acid 
(25m1s), nitric acid (l.Smls) and water (1.5mls) were heated 
together on a steam bath for 1 hr. A yellow precipitate 
(0.7g) was isolated by filtration. 	m.p. 2650  (cblorobenzene). 
[lit. m.p. 2650].104 
Mass spectrum had a molecular ion at m/e = 260. 
Benzo[apyrazine[2, 3 -ciphenazine 
Ethylenediamine (5mls) was added to a. solution of 5,6-
benzo[a]phenazine quinone (0.5g) dissolved in chlorobenzene. 
(30mls) and heated under reflux for one hour. 	On cooling a 
dark solid (O.Lfg) precipitated from solution and was isolated 
by filtration. 	The compound was insoluble in common organic 
solvents. m.p. > 320 0 . 
Mass spectrum had a molecular ion at m/e = 282.090407. 
C18H10N4 requires 282.090542. 
Microanalysis: Found C 76.93 	H 3.36 	N 20.15 
C18H10N4 requires 	C 76.60 	H 3.55 	N 19.85 
Quinizarin and Diaminoalkanes 
1) An excess of ethylenediamine (5mls) was added to quini-
zarin (1.2g) in ethanol (300mls) and this was heated under 
refluxovernight. 	TLC (1:1, benzene:pet-ether) showed 
two products, one purple and one red. The solvent was 
removed in vacuo and the residue was chromatographed over 
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silica to yield two fractions. 
Fraction 1 
0.8g. 6-hydroxy-1, 2,3, 4-tetrahydronaphtho[2,  3-f]quinox-
aline-7, 12-dione, eluting pet-ether: ether (70:30). 
m.p. 269-271
0  (dec). (acetonitrile). 
100 IviIz. n.m.r. spectrum (CDC13 ) had two groups of peaks 
at 1.87 and 2.3'r and a peak from a single uncoupled proton 
at 3.97 in the aromatic region as well as two low field 
labile peaks at -57 and a group of peaks at 6.47 which 
integrated for four protons. 
Mass spectrum had a molecular ion at m/e = 280. 
Accurate mass measurement gave C 16H12N203 . 
Microanalysis: Found C 68.34 	H 4.14 	N 10.22 
C16H12N203 requires C 68.57 	H 4.28 	N 10.00. 
U.V. spectrum: Xmax  282, e max  6,000; XmaxSlO Cmax22OO 
Xmax 540  emax  4,000 ? maxS88 emax4 ' °°° 
Fraction 2 
0.6g. 1, 4-di-(2-aminoethylamino)anthraquinone, eluting pet-
ether:ether (40:60). m.p. 171-172 0 (acetonitrile) [lit. 
m.p. 171_1720].130 
60 MHz. n.m.r. spectrum (CDC1 3 ) had two groups of peaks at 
1.77 and 2.37 and a peak from two equivalent protons at 
2.97 as well as a labile triplet at -0.87 and peaks at 
6.67, 7.07 and 8.35 7 . 	This spectrum is characteristic 
of a 1,4-disubstituted anthraquinone. 
Mass spectrum had a molecular ion at m/e = 324. 
Accurate mass measurement gave C 18H20N402 
Microanalysis: Found C 66.42 	H 5.93 	N 17.02 
C18H20N402 requires C 66.66 	H 6.17 	N 17.28. 
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2) l-( 2-Diethylamino ethyl )-4-hydroxyanthraguinone 
N,N-Diethylethylenediamine (2m1s). .was added to quinizarin 
(l.Og) in chlorobenzene (SOmls) at room temperature and the 
solution was heated under reflux overnight. The solvent 
was removed in vacuo and the product recrystallised from 
60:80 pet-ether to yield a purple solid (l.lg) m.p. 9495. 
100 MHz. n.m.r. spectrum (CDC1 3 ) had multiplets centred 
at 1.787 and 2.347 with a singlet at 2.887, all of these 
peaks integrating for two protons. 	Labile peaks at -3.67 
and -0.27 and multiplets centred at 6.627, 7.327 and 8.927 
completed the spectrum. 
Mass spectrum had a molecular ion at m/e = 388. 
The first fragmentation was to m/e 224. 
Quinizarin diboroacetate 
Boric acid (6.0g) was added to acetic anhydride (5m1) at 
120-1250C over 10 mins. After a further 10 mins. at 
120-125 0 , the solution was cooled to 1000C and quinizarin 
(1.0g) was added. 	The temperature was maintained for 
30 mins. after which the dark solution was cooled in ice, 
filtered and washed with ether. The product was dried 
under vacuum over potassium hydroxide to give 4.5g of 
quinizarin diboroacetate. 
100 MHz. n.m.r. spectrum (CDC1 3 ) had two groups of peaks 
at 1.427 and 2.057 with two equivalent protons at 2.67 
and a methyl singlet at 7.97 (12 protons). 
Quinizarin diboroacetate (3.0g) was added to ethylenediamine 
(5 mis) in ethylacetate (lOOmis). 	The solution became 
purple and was left sealed at room temperature overnight. 
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The precipitate was filtered and washed with methanol. 
T.L.C. 	showed a purple product and some quinizarin. 
Chromatography over sodium carbonate eluting chlorobenzene 
yielded the purple component as the first fraction, 0.59. 
m.p. 269-27l° (dec) (acetonitrile). 
The n.m.r. spectrum and mass spectrum were identical to 
those of 6-hydroxy-1, 2,3, 4-tetrahydronaphtho[ 2, 3-f]quin--
oxaline-7, 12-di one. 
Halogenoguinizarins and diaminoalkanes 
5-Bromo--6-hydroxy-1, 2,3, 4-tetrahydronaphtho[2, 3-f]guin- 
Oxaline-7, 12-dIbne. 
2, 3-Dibromoquinizarin (3. Og), ethylenediamine (1. 5mls) and 
chlorobenzene were mixed at room temperature and then 
heated under reflux for 3 hrs. The solution was cooled 
and diluted with pet-ether to yield violet crystals (2.59). 
m.p. > 320 
0
(butanol). 
100 MHz. n.m.r. spectrum (DM0-d 6 ) had two low field labile 
peaks, two groups of peaks at 1.8T and 2.3T and a group 
of peaks at 6.4T which integrated for four protons. 
Mass spectrum had molecular ions at m/e = 358, 360 (one 
bromine atom) 
Accurate mass measurement gave C 16H11BrN203 . 
Microanalysis: Found C 53.70 	H 3.14 	N 7.66 
C16H11BrN203 requires C 53.48 	H 3.06 	N 7.80 
•2-( 2-Di ethylamino ethyl )-3--bromoguini zarin 
2, 3-Dibromoquinizarin (1.0g), N,N-diethylethylenediamine 
(lml) and chlorobenzene (lOOmls) were mixed at room 
temperature and this was heated under reflux for 15 mins. 
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when TLC •showed the absence of 2,3-dibromoquinizarin. 
The solvent was removed in vacuo and the resulting red 
oil was heated with pet-ether to yield red needle-like 
crystals (0.9g). m.p. 162-163 0 (pet-ether). 
100MHz. n.m.r. spectrum (CDC1 3 ) had a broad peak at -4.8T, 
multiplets at 1.8T, 2.31' and 6.08T which each integrated 
for two protons as well as a labile triplet at 3.12 
(N-H) and multiplets at 7.38 (6 protons) and 8.92 (6 
protons). 
Mass spectrum had molecular ions at m/e = 432,434. 
5-Chloro-6-hydroxy-1, 2,3, 4-tetrahydronaphthol2,3-f]guin - 
oxaline-7, 12-dione 
To 2,3-dichloroquinizarin (1.0g) in chlorobenzene (50mls) 
was added ethylenediamine (5mls). 	The red solution be- 
came purple and was heated under reflux for 30 mins. 
when T.L.C. indicated one purple product. 	After cooling, 
pet-ether (lOOmis) was added, the precipitate filtered 
and washed with methanol, 0.8g. m.p. 278 0 (dec.) (butanol). 
100 MHz. n.m.r. spectrum (DMSO-d 6 ) had multiplets at 1.8, 
2.31' and 6.4r with low field peaks at -5T. 
Mass spectrum had molecular ions at m/e = 314, 316 (one 
chlorine atom). 
Accurate mass measurement gave C 16H11C1N203 . 
Microanalysis: Found C 60.97 	H 3.44 	N 9.14. 
C16H11ClN2O3requires C 61.05 	H 3.50 	N 8.90. 
2-Chioroguinizarin and ethylenediamine 
Ethylenediamine (3.Omls) was added to 2-chioroquinizarin 
(1.5g) in chlorobenzene (20mls). 	The solution was 
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heated under reflux for four hours, cooled and pet-ether 
added until a precipitate was formed. The product was 
isolated by filtration, 1.39. 	T.L.C. showed two 
bands and the product was then chromatographed over 
silica to yield two fractions. 
Fraction 1 
0.2g. eluted pet-ether:ether (50:50). m.p. 2780dec. 
(butanol). 	The n.m.r. and mass spectra were identical 
to those for 5-chloro-6-hydroxy-1, 2,3, 4-tetrahydronaphtho 
[2, 3-f]quinoxaline-7, l2-diore. 
Fraction 2 
0.959. eluted pet-ether:ether (30:70). m.p. 269-271 0dec. 
(acetonitrile). 	The n.m.r. and mass spectra were 
identical to those for 6-hydroxy-1,2,3,4-tetrahydronaphtho 
[2,3-f] quinoxaline-7, 12-dione. 
2-Bromoguinizarin and ethylenediamine 
Ethylenediamine (3.Omls) was added to 2-bromoquinizarin 
(1.5g) in chlorobenzene (20mls). The solution was heated 
under reflux for four hours, cooled and pet-ether added 
until a precipitate was formed. _The product was isolated 
by filtration, 1.0g. 	T.L.C. showed only one band. 
m.p. 269-2710dec. (acetonitrile). 
The n.m.r. and mass spectra were identical to those for 
6-hydroxy-1, 2,3, 4.-tetrahydronaphtho[2, 3-f]quinoxaline-7, 
12-dione. 
8,11-Dichloro-6-hydroxy-1, 2,3, 4-tetrahydronaphtho[2, 3-fl 
guinoxaline-7, 12-di one. 
5,8-Dichioroquinizarin (l.Og), ethylenediamine (Smls) and 
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chlorobenzene (50mls) were heated together under reflux 
for 3 hrs. After cooling, the solvent was removed in 
vacuo and T.L.C. showed only one product, 1.4g. m.p. > 
3200 (butanol). 
The compound was too insoluble for an n.m.r. spectrum. 
Mass spectrum had major ions at m/e = 348, 350 and 352. 
Accurate mass measurement gave C16H10C12N203 . 
7) 4-Methyl-6-hydroxy-1, 2, 3-trihydronaphtho[2, 3 -f]guinoxaline- 
7,l2-dine 
N,N'-Dimethylethylenediamine (1.5mIs) was added to 2,3-
dibromoquinizarin (l.Og) in chlorobenzene (150mls) and 
the colour changed from red to purple. The solution was 
heated under reflux for 1 hr. when T.L.C. showed one 
product present. The solvent was removed in vacuo and 
the product recrystallised from acetonitrile, 0.7g. 
m.p. 205-2060 . 
100 MHz. n.m.r. spectrum (CDC1 3 ) had two sets of peaks at 
1.74T and 2.33T and a singlet from an uncoupled ring 
proton at 4.02'r; a labile proton at -0.8T, multiplets at 
6.40T and 6.55T which each integrated for two protons 
and an N-methyl singlet at 7.02T. 
Mass spectrum had a molecular ion at m/e = 294.099844. 
C17H14N203 required 294.100435. 
Microanalysis: Found C 69.22 	H 4.63 	N 9.28 
C17H14N203 requires 	C 69.39 	H 4.76 	N 9.52. 
N,N'-Dimethylethylenediamine (1.5mls) was added to 2,3-
dibromoquinizarin (l.Og) dissolved in chlorobenzene 
RRALOJ 
(200mls), at 0°C and the solution was allowed to come to 
room temperature overnight. No reaction was observed, 
by T.L.C., and the solution was warmed at 500  for 3 hrs. 
Addition of some pet-ether precipitated a purple solid, 
0. lg, 1, 4-dimethyl-6-hydroxy-2, 3-dihydronaphtho[2, 3-f] 
quinoxaline-7, 12-dione. m.p. 238-239 0 (acetonitrile). 
100 MHz. n.m.r. spectrum (cnc1 3 ) had multiplets at 1.76T, 
2.33T, 6.42'r and 6.53i and singlets at 4.01T (1 proton), 
7.02'r(N-CH3 ) and 7.11'r(N-CH3 ). 
Mass spectrum had a molecular ion at m/e = 308 (no 
bromine atoms). 
Accurate mass measurement gave C18H16N203 . 
The chlorobenzene solution was evaporated to dryness to 
yield a purple solid, 0.59. m.p. 205_206 0 (acetonitrile). 
The mass spectrum and n.m.r. spectrum was identical to 
those for 4-methyl-6-hydroxy-1, 2, 3-trihydronaphtho[2, 3-f] 
quinoxaline-7, 12-dione. 
8) 4-Methyl-6-hydroxy-1, 2, 3-trihydronaphthol2, 3-f]guinoxaline - 
7,12-dione. 
a) N,N'-Dimethylethylenediamine (1.5mls) was added to 2,3-
dichioroquinizarin (l.Og) in chlorobenzene (150mls), the 
red solution became purple immediately and was heated under 
reflux for 1 hr. After cooling, pet-ether was added and 
the precipitate formed was isolated by filtration to yield 
a purple solid, 0.8g. m.p. 205-206 0 (acetonitrile). 
100 MHz. n.m.r. spectrum was identical to that for 4-methyl-
6-hydroxy-1, 2, 3-trihydronaphtho[2, 3-f]quinoxaline-7, 12-
dione. 
Mass spectrum had a molecular ion at m/e = 294. 
b) The above experiment was repeated with the reactants 
being warmed at 500 for 3 hrs.. Addition of some pet-




The n.m.r. and mass spectra were identical to those for 
1, 4-dimethyl-6-hydroxy-2, 3-dihydronaphtho[2, 3-f]quinoxaline-
7,12-dione. 	The chlorobenzene solution yielded a purple 
solid, 0.8g. 	m.p. 205-206 0 (acetonitrile). 
The n.m.r. and mass spectra were identical to those for 
4-methyl-6-hydroxy-1, 2, 3-trihydronaphtho [2,3-f] quinoxaline-
7, 12-dione. 
Quinizarins and aminothiols 
1) To quinizarin (l.Og) in dimethyl formamide (30mls) was 
added 2-aminoethanethiol hydrochloride (l.Og) at room 
temperature and solution was heated under reflux overnight. 
After cooling, addition of water yielded a dark precipitate 
which was isolated by filtration. 	T.L.C. showed a two 
component mixture. Chromatography over sodium carbonate 
gave the following fractions. 
Fraction 1 
0.6g eluted chlorobenzene; purple solid, 2,3 -dihydro-6-
hydroxy-lH-anthra[2,1-b][1, 4]thiazine-7,12-dione. m.p. 
145-1460 (chlorobenzene). 
100 ME-Iz. n.m.r. spectrum (DMSO-d6 ) was very broad. 
Mass spectrum had a molecular ion at m/e = 297.046173. 
C16H11NS03 requires 297.045960. 
Miôroanalysis: Found C 64.52 	H 3.37 	N 4.25 
C16H11NS03 requires C 64.65 	H 3.70 	N 4.71 
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Fraction 2 
0.15g. eluted chlorobenzene, red solid, 2,3-dihydro-5,12-
dihydroxy-lH-naphtho[2, 3 -9][1 , 4]thiazine-6, il-dione. m.p. 
295-2960 (chlorobenzene). 
The sample was too insoluble for an n.m.r. spectrum. 
Mass spectrum had a molecular ion at m/e = 313.040613. 
C16H11NS04 requires 313.040875. 
Microanalysis: Found C 63.86 	H 3.29 	N 4.15 
C16H11NS04 requires C 63.90 	H 3.51 	N 4.47 
2) 2-Chioroquinizarin (1.0g), dimethyl formamide (30mls) and 
2-aminoethanethiol hydrochloride (l.Og) were mixed at room 
temperature and heated under reflux overnight. After 
cooling, water, was added and the resultant precipitate 
was isolated by filtration. 	T.L.C. showed a two 
component mixture and chromatography over sodium carbonate 
yielded the following fractions. 
Fraction 1 
0.6g, eluted chlorobenzene; purple solid, m.p. 145-146 0  
(chlorobenzene). 	The mass spectrum was identical to 
that for 2, 3-dihydro--6-hydroxy-1H-anthra[2, 1-b][1 , 4]thiazine-
7,l2-dione. 
Fraction 2 
0.2g, eluted chlorobenzene; red solid, 2,3-dihydro-5-
hydroxy-12-(2-aminoethanethiol)-4H-naphthO[2, 3-g][ 1 , 4] 
thiazine-6, li-dione. 
The sample was insufficiently soluble for an n.m.r. spectruni 
m.p. 303-3040 (butano].). 
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Mass spectrum had molecular ions at m/e = 372, 374. 
Accurate mass measurement gave C 18H16N2S203 . 
2-AininoethaflethiO] hydrochloride (l.Og) was added to 2,3-
dibromoquinizarin (l.Og) in N,N-dimethylaniline and the 
solution was heated under reflux overnight. The solvent 
was removed by distillation under reduced pressure and the 
residue was shown, by T.L.C., to be a two component 
mixture. These were separated by their differing solu-
bilities in' toluene. 
Fraction 1 
0.6g, soluble in toluene and was purified by chromatography 
over a short silica column. m.p. 295_2960 (chlorobenzene),; 
2, 3_dihydro_5,12_dihydroxy-1H-naphthO[2, 3-g][l, 4]thiazine-
6, ll-dione. 
Mass spectrum had a molecular ion at m/e = 313.040458. 
C16H11NS04 requires 313.040875. 
Fraction 2 
0.2g, insoluble in toluene and was extracted into chioro-
benzene; red solid, m.p. 303-304 0 (butanol). 
Mass spectrum had molecular ions at m/e = 372.159936, 374. 
C18H16N2S203 requires 372.160229. 
The product was 2,3-dihydro-5-hydroxy-12-(2-amifloethafle-
thiol)-4H-naphtho[2, 3-g][l, 4]thiazine-6, ll-dione. 
2, 3-Dibromoquinizarin (l.Og), 0-aminobenzenethiol (l.Smls) 
and chlorobenzene (50mls) were mixed at room temperature 
and heated under reflux overnight. The solvent was re-
moved in vacuo and T.L.C. 	indicated that the residue 
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had two components. The mixture was separated by the 
differing solubilities of the components. 
Fraction 1 
0.6g. insoluble in chlorobenzene; red solid, 6,13-dihydroxy-
14H-naphtho[2, 3-b]phenothiazine-7,12-dione. m.p. > 320 0  
(pyridine). 
Mass spectrum had molecular ions at m/e = 361, 363. 
Accurate mass measurement gave C 20H11NS04 . 
Microanalysis: Found C 66.2 	H 2.7 	N 3.6 
C20H11NS04 requires C 66.48 H 3.05 N 3.88 
Fraction 2 
0.2g, soluble in chlorobenzene and was chromatographed 
over sodium carbonate to give a pure sample of green 
crystals. m.p. 239-240 0 (chlorobenzene); 6-(o-aminothio-
phenol) -13-hydroxy-l4H-naphtho [ 2, 3-b]phenothiazine-7, 12-
dione. 
Mass spectrum had molecular ions at m/e = 468, 470. 
Accurate mass measurement gave C 26H16N20332 . 
Miároanalysis: Found C 66.36 	H 3.71 	N 5.59 
C26H16N203S2 requires C 66.67 	H 3.42 	N 5.98 
2,3-Dichioroguinizarin and toluene dithiol 
2,3-Dichloroquinizarin (l.Og), toluBne dithiol (2g) and 
ethanol (200mls) were mixed at room temperature and heated 
under reflux overnight. 	On cooling, a red solid (l.Og) 
precipitated from the solution and was isolated by 
filtration. 	m.p. > 3200 (DMSO). 
Mass spectrum had molecular ions at m/e = 392.017622, 394. 
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C21H12S204 requires 392.0176974 
Microanalysis: Found C 64.6 H 2.8 
C21H12S204 requires C.  64.29 H 3.06 
The filtrate was evaporated to dryness to yield an orange 
solid (0.5g). m.p. 125-1260 (ethanol). 
100 MHz. n.m.r. spectrum had broad peaks at 2.68i, 3.12T 
and 7.81T with an integration ratio of 2:1:3. 	The 
resolution was not adequate to determine the coupling 
constant of the aromatic protons. 
Mass spectrum had a molecular ion at m/e = 308. 
Accurate mass measurement gave C 14H12S4 . 
Microanalysis: Found C 54.47 H 3.72 
C14H12S4 requires 	C 54.55 H 3.90 
Chioroanthraguinones and diamines 
1.a) To 1,2-dichloroanthraquinone (5.52g, 0.02M) in chioro-
benzene (lOOmis) was added ethylenediamine (10mls). 	The 
red solution was heated under reflux and after 1 hr., 
T.L.C. 	showed that no 1,2-dichlorobenzene remained. 
The solvent was removed in vacuo to yield a black solid, 
5.8g, which was chromatographed over silica to yield 
the following fractions. 
Fraction 1 
0.6g., eluted pet-ether:ether (50:50). orange solid. 
100 MHz. n.m.r. spectrum (CDC1 3 ) had several aromatic 
peaks but had no peaks characteristic of hydrogen bonded 
labile protons or N-CH 2CH2-N 	protons. 	High field 
peaks at 9'r indicated the presence of aliphatic hydro-
carbon impurities. 
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Mass spectrum: the highest significant ion was at 
m/e = 281. 
Accurate mass measurement gave C 16H10N20C1. 
Fraction 2 
0.8g, eluted pet-ether:ether (20:80), orange solid. 
m.p. > 3200 . 
100 MEIz. n.m.r. spectrum had a group of aromatic peaks 
between 1.5r and 2.5T and an aliphatic peak at 5.9i; the 
ratio of aromatic to aliphatic protons was approximately 
4:1. 
Mass spectrum had a molecular ion at m/e = 468. 
Accurate mass measurement gave C 30H16N204 . 
Fraction 3 
2g. extracted from silica with pyridine. 
100 MHz. n.m.r. spectrum had two bands of broad peaks, 
one in the aromatic region and the other at 5.7r; the 
integral ratio of aromatic to aliphatic protons was 2.6:1. 
Mass spectrum had major ions at m/e = 246, 248. 
Measured formulae were C 16H10N20 and C16H12N20. 
b) To 1,2-dichloroarithraquinone (5.52g, 0.02M) dissolved in 
chlorobenzene (200mls) was added ethylenediamine (20mls) 
and the mixture was heated at 70 0C until T.L.C. indicated 
that little starting material remained, about 15 mins. 
Chromatography over silica eluting with chlorobenzene 
gave an orange product (3.6g), 2-chloro-1,10-anthra-
quinone-2' ,3'-dihydro-l' ,4'diazepin. m.p. 164-165 0  
(pyridine). 
100 MHz. n.m.r. spectrum (DMSO-d6 ) had multiplets at 
1.74 1 , 2.OT, 2.4T (4 protons), 5.74T (2 protons) and 
6.34i (2 protons). 	A triplet at 3.26r disappeared on 
shaking with D20. 
Mass spectrum had molecular ions at m/e = 282, 284. 
Measured formula was C 16H11C1N20. 
U.V. spectrum: X max445fl*i .e max4,343 ; Xmax306 max3 ' 100• 
Microanalysis: 	Found C 68.73 H 4.10 N 9.66 
C16H11C1N20 	requires C 67.96 H 3.89 N 9.91 
c) 1,2-Dichioroanthraquiflofle (2.7g, 0.01M) was added to ethyl- 
enediamine (50mls) and the solution heated under reflux 
for 2 hrs. The solvent was removed in vacuo to yield a 
dark oil which was chromatographed over alumina eluting 
with chloroform to yield a purple solid (1.9g), 1,2,3,4-
tetrahydronaphtho[2, 3-f]quinoxaline-7, 12-dione. m.p. 196-
1970 (chlorobenzene) [lit. m.p. 196_701.137 
100 MHz. n.m.r. spectrum (DMSO-d 6 ) had groups of peaks at 
1.75, 2.3T, 6.3T and 6.6'r which each integrated for two 
protons; two pairs of ortho coupled doublets (J =8 c/s) 
were at 2.26T and 3.34T. 
Mass spectrum had a molecular ion at m/e = 264. 
Accurate mass measurement gave C 16H12N202 . 
2. 2-Chloro-l-(2' _diethylaminoethylamiflo)aflthragUiflOfle 
N,N-Diethylethylenediamine (5mls) was added to 1,2-dichloro-
anthraquinone (1.4g) dissolved in chlorobenzene (lOOmls). 
and the solution was heated under reflux for 2 hrs. The 
solvent was removed in vacuo and the product recrystallised 
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from chlorobenzene, 1.39. 	M.P. 138-140
0 
. 
100 MHz. n.m.r. spectrum (CDC1 3 ) had multiplets centred 
at 1.9i, 2.3T, 6.3T,7.4r and 9.OT. 	A labile broad 
triplet was at 0.3T and a singlet (2 protons) at 2.52T. 
The 3- and 4-protons were degenerate compared with 
doublets at 1.76T and 2.2T in n.m.r. spectrum of 1,2-
dichioroanthraquinone. 
Mass spectrum had molecular ions at m/e = 356. 
1,2,3, 4_Tetrahydroflaphthol2,3_f]gUiflOXalifle-7, 12-dione 
Ethylenediamine (5mls) was added to 2-chloroaxithraquinone 
(2.39, 0.01M) dissolved in chlorobenzene (lOOmis) and the 
solution was heated under reflux overnight. The solvent 
was removed in vacuo and the product chromatographed over 
silica to remove the remaining 2-chioroanthraquinone. 
This yielded a purple solid (1.4g), eluting with ether. 
M.P. 196-1970 (chiorobenzene) [lit, M.P. 196_791. 1 
The mass spectrum and n.m.r. spectrum were identical to 
those recorded for 1,2,3, 4-tetrahydronaphtho[2, 3-f]quin--
oxaiine-7, 12-dione obtained from 1, 2-dichioroanthraquinone 
and ethylenediamine. 
1, 4-Dimethyi-2, 3-dihydronaphtho[2, 3-f ]guinoxaiine-7, 12- 
dione. 
N,N'-Dimethylethyienediamine (imi) was added to 1,2-di-
chioroanthraquinone (1.4g) dissolved in chlorobenzene 
(75mls) and the solution was heated. at reflux for 2 hrs. 
The solvent was removed in vacuo to yield a purple oil 
which was chromatographed over alumina. A purple solid 
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(1.0g) eluted with ether. 	m.p. 163-40 (ethyl acetate). 
100 MHz. n.m.r. spectrum had multiplets centred at 1.767, 
2.347,6.357 and 6.67 which each integrated for two protons; 
pairs of doublets at 2.167 and 3.35r (J = 8 c/s) and 
singlets at 6.967 and 7.11T completed the spectrum. 
Mass spectrum had a molecular •ion at m/e = 292. 
Mass measurement gave C 18H16N202 . 
Microanalysis: Found C 74.34 	H 5.27 	N 9.65 
C18H16N202 requires C 73.97 	H 5.48 	N 9.59 
U.V. spectrum: X max282 ffiIL c max26 3OO 	XmaxSSOIflL 	max9 ' 300 
5. 1, 2-Di chi o roanthraguinone and o-phenyl enedi amine 
0-Phenylenediamine (i.lg, 0.01M) was added to 1,2-di-
chioroanthraquinone (2.7g) dissolyed in nitrobenzene (50mls). 
After heating at reflux overnight, the solution was cooled 
and the precipitate formed was isolated by filtration. 
This was a dark solid (0.2g), 5,18-dihydronaphtho[a]quin-
oxaline[2, 3-c]phenazine-6, il-dione. m.p. > 350
0 
. 
Mass spectrum had a molecular ion at m/e = 414.110913. 
C26H14N402 requires 414.111669 
Microanalysis: 	Found C 75.21 	H 3.25 	N 13.99 
C26H14N402 requires 	C 75.36 	H 3.38 	N 13.53 
The nitrobenzene was distilled under reduced pressure and 
the residue was chromatographed over silica to yield the 
following fractions. 
Fraction 1 
0. 3g; red solid, 2-chloro-l-phenylaminoanthraquiflofle. 
eluted pet-ether:ether (50:50). m.p. 181-182
0  (benzene). 
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100 MHz. n.m.r. spectrum (CDC1 3 ) had a complex aromatic 
region but the ortho coupled doublets, present in 1,2-di-
chioroanthraquinone, from the 3- and 4-protons were a 
degenerate singlet at 2.5T. 
Mass spectrum had major ions at m/e = 333, 335. 
Accurate mass measurement gave C 20H12C1NO2 . 
Fraction 2 
0. 2g; orange solid, 2-chloro-1 ,10-anthraquinone-4' H-benzo-
1',4'-diazepin, eluted pet-ether:ether (40:60). m.p. 181-
1820  (benzene). 
100 MHz. n.m.r. spectrum (CDC1 3 ) had a complex aromatic 
region and the ortho coupled doublets were again degener-
ate. 
Mass spectrum had major ions at m/e = 330.055746, 332. 
C20H11C1N20 requires 330.055986. 
Microanalysis: Found C 72.68 	H 3.46 	N 8.61 
C20H11C1N20 requires C 72.62 	H 3.33 	N 8.47 
6. 1, 4-DichloroanthraguiflOfle and ethylenediamine 
1, 4-Dichioroanthraquinone (2.7g, 0. OlM), ethylenediamine 
(10mls) and chlorobenzene (lOOmis) were heated under re- 
flux overnight. T.L.C. showed a mixture of at least four 
products. 
1, 4-Dichloroanthraquinone (2.7g, 0. OlM), ethylenediamine 
(10mls) and chlorobenzene (100mls) were warmed at 70
0C 
until a trace of purple accompanied the red band on the 
T.L.C. plate. 	The solvent was removed in vacuo and the 
product recrystallised from methanol to yield a red solid, 
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2.0g, 1-chloro-4-(2-aminoethylarnino)anthraquinone. m.p. 
l92l930 . 
100 MHz. n.m.r. spectrum (CDC13 ) had two groups of peaks 
at 1.7T and 2. 4T and two pairs of doublets at 2.5T and 
3.O'r (J = 8 c/s) which indicated a 1,4-disubstituted 
anthraquinone. 
Mass spectrum had a molecular ion at m/e = 300, 302. 
Measured formula was C16H13C1N202 . 
Microanalysis: Found C 63.82 	H 4.67 	N 9.21 
C16H13C1N202 requires C 63.89 	H 4.33 	N 9.32 
Infra-red spectrum had NH2  bands at 3400cm and 3300cm. 
5-Amino-6, 7, 7-trichloro-8-keto-7, 8-dehydroguinoline 
Sodium chlorate (709) was added over 1 hr. to a stirred 
solution of 5-amino-8-hydroxyquinoline hydrochloride 179 
(32.59) and concentrated hydrochloric acid (500mls) at 60
0C 
and the mixture heated at 50-60 0  for 30 mins before pouring 
into ice-water. A yellow precipitate (hg) was isolated by 
filtration. m.p. 160 0 (dec) (butanol). 
100 MHz. n.m.r. spectrum had multiplets at 1.241', 1.80'r and 
2.60T (quartet; J = 7.5 c/s; J = 4 c/s). 
Mass spectrum had molecular ions at m/e = 262, 264, 266 and 268. 
• Mass measurement gave C9H5C13NO2 . 
Purification of the product by chromatography to obtain a 
microanalysis sample yielded only quinolinic arthydride. 
10-Amino-5-hydroxypyrido [2, 3-g] guinoxaline 
Ethylenediamine (lml) was added to a solution of 5-amino-
6,7, 7-trichloro-8-keto-7,8-dehydrOqUif101ine (lg) in benzene 
(50mls) and the mixture was heated under reflux for 1 hr. 
The solvent was removed in vacuo to yield an oil. Addition 
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of water precipitated a brown solid (0.4g) which was 
isolated by filtration. m.p. > 3200 (pyridine). 
The sample was insufficiently soluble for an n.m.r. spectrum. 
Mass spectrum had a molecular ion at m/e = 212.06971. 
C11H8N40 requires 212.069807. 
Microanalysis: Found C 62.70 	H 3.65 	N 27.00 
C11H8N40 requires 	C 62.26 	H 3.77 	N 26.41 
Oxidation of 10-amino-5-hydroxypyrido[2, 3-gguinoxaline 
Chromium oxide'75 
10-Amino-5-hydroxypyrido[2, 3-g]quinoxaline (0. 2g) dissolved 
in acetic acid (2m1s) was added to chromium oxide (0.2g) 
dissolved in acetic acid (3mls) and water (lml). 
The mixture was heated under reflux for 10-15 mins until 
completely homogeneous. 	Ethanol (10mls) was added to 
reduce the excess chromium oxide and the solution was 
heated at reflux for a further 10 mins. After neutralising 
with sodium bicarbonate, the cooled solution was extracted 
with chloroform. No product was obtained and a con-
tinuous extraction method was used. Again no product was 
obtained. 
Potassium dichromate 
10-Amino-5-hydroxypyrido[2, 3-g]quinoxaline (0. 2g), acetic 
acid (10mls), water (lml) and powdered potassium di-
chromate (0.4g) were boiled under reflux for2 hours. 
After cooling, the reaction mixture was poured into a 
saturated salt solution (lOOmls). 	No precipitate was 
observed. 	Extraction with chloroform yielded no product. 
MI 
Sodium chlorate reactions 
1-Amino-4-hydroxyanthraguinone 
Sodium chlorate (17.52g, 0.12M) was added with stirring 
over 1 hr. to.1-amino-4-hydroxyanthraquinone (4.78g, 0.02M) 
in conc. hydrochloric acid (300rnls) at 600C. 	Chlorine was 
observed during the addition of sodium chlorate. The 
mixture was heated at 70 0C for 1 hr. and left stirring at 
room temperature overnight. The reaction mixture was poured 
into ice and the orange product (3.6g) was isolated by 
filtration. 	m.p. 241.5-242.50 . 
60 MHz. n.m.r. spectrum (JJMSO) had an ABX system in the 
aromatic region with a ratio of 4:1. The spectrum was 
the same as that of 2-chloroquinizarin. 
Mass spectrum had molecular ions at m/e = 274, 276. 
Measured formula was C14H 7Cl04 . 
Quinizarin 
The above procedure was repeated with quinizarin (4.8g, 
0.02M). Quinizarin (4.5g) was recovered. 
Quinizarin-2-si4phonic acid 
The above procedure was repeated with quinizarin-2-
sulphonic acid (6.4g, 0.02M) and an orange product (4.9g) 
was isolated. mp . 249-2500 [lit. m.p. of 2,3-dichioro- 
quinizarin, 249.50_2510].155 
60 MHz. n.m.r. spectrum (DMSO) had.an A.2B2 system. 
Mass spectrum had molecular ions at m/e = 308, 310. 




The above procedure was repeated with 1,4-diamino-
anthraquinone (4.8g, 0.02M) and an orange product (4.9g) 
was isolated. 	m.p. 194_1950  (chlorobenzene). 
100 MHz. n.m.r. spectrum (DMSO) had an AA'BB' system in the 
aromatic region. 
Mass spectrum had molecular ions at m/e = 341, 343, 345 and 
347. 
Measured formula was C 14H6C13NO3 . 
Microanalysis: Found C. 49.40 	H 1.52 	N 4.18 
C14H6C13NO3 requires C 49.12 	H 1.75 	N 4.09 
1-Amino-4-methylaminoanthraguinone-2-sulphonic acid 
The above procedure was repeated with 1-amino-4-methyl-
aminoanthraquinone-2-sulphonic acid (6.6g, 0.02M) to yield 
an orange product (5.7g). m.p. 194-1950 (chlorobenzene). 
The n.m.r. and mass spectra were identical to those for the 
product from 1, 4-diaminoanthraquinone. 
1, 5-Diamino-4, 8-dihydroxyanthraguinone-2, 6-di sulphonic 
acid 
The above procedure was repeated with 1,5-diamino-4,8-
dihydroxyanthraquinone-2, 6-disulphonic acid (4. 3g, 0. aiM), 
sodium chlorate (lOg) and conc. hydrochloric acid (150mls). 
A purple solid (2.5g) was isolated by filtration. m.p. > 
320° . 
Mass spectrum had molecular ions at m/e = 408, 410, 412, 414 
and 416. 
Measured formula was C14H4C1406. 
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4, 5-Diamino-1,8--dihydroxyanthraguinone 
Sodium chlorate (log) was added to 4,5-diamino-1,8-di-
hydroxyanthraquinone (lg) in cone. hydrochloric acid (lOOmis). 
The reaction mixture was stirred at 70 0C for 3 hrs, and added 
to ice (200g). 	The purple product (ig) was isolated by 
filtration. m.p. > 320 0 . 
Mass spectrum had molecular ions at m/e = 408, 410, 412, 414 
and 416. 
Measured formula was C 104C1406 . 
5, 8-Diaminoguini zarin 
The above experiment was repeated with 5,8-diaminoquini-
zarin (1.0g). 	The purple product (0.9g) was isolated by 
filtration. 
Mass spectrum had molecular ions at m/e = 408, .410, 412, 414 
and 416. 
Reactions of 4-amino-2, 2, 3-trichioro-l-keto-1, 2-dehydro-
anthraguinone 
a) Ethylenediamine (lOmis) was added to 4-amino-2,2,3-trichloro• 
i-keto-1, 2-dehydroanthraquinone (1. Og) dissolved in 
chlorobenzene.(50mls) and the solution was heated at 
reflux overnight. The solvent was removed in vacuo and 
the residue chromatographed over silica to yield the 
following fractions. 
Fraction 1 
0.2g eluted pet-ether:ether (70:30), purple solid, 6-
hydroxy-1, 2,3, 4-tetrahydronaphtho[2, 3-f]quinoxaline-7,  12-
dione. m.p. 269-270 0 (dec) (acetonitrile). 
MA 
100 MHa. n.m.r. spectrum (CDC1 3 ) had two groups of peaks 
at 1.87 and 2.3T and a peak from a single uncoupled 
proton at 3.97 as well as two low field labile peaks at 
-57 and a group of peaks at 6.47 which integrated for 
four protons. 
Mass spectrum had a molecular ion at m/e = 280. 
Accurate mass measurement gave C 16H12N203 . 
Fraction 2 
0.7g., eluted ether, purple solid, 5-chloro-6-hydroxy-
1,2,3, 4-tetrahydronaphtho[2, 3-f]quinoxaline--7, 12-dione. 
m.p. 2780 (dec) (butanol). 
100 MHz. n.m.r. spectrum (DMSO-d 6 ) had multiplets at 1.87, 
2.37 and 6.47 with low field peaks at -5i. 
Mass spectrum had molecular ions at m/e = 314, 316. 
Accurate mass measurement gave C 16H11C1N203 . 
b) 0-Aminobenzenethiol (lml) was added to 4-amino-2,2,3-
trichloro-1-keto-1, 2-dehydroanthraquinone (1. Og) dissolved 
in chlorobenzene (50mls) and the solution was heated at 
reflux overnight. Dilution of the cooled solution with 
pet-ether yielded a purple precipitate (0.9g) which was 
isolated by filtration. Chromatography over sodium 
carbonate yielded the following fractions. 
Fraction 1 
0.lg eluted chlorobenzene; purple solid, 7-hydroxy-14H- 
r 	 . 	. naphthoL2,3-ajphenothlazlne-8,l3-dlone. m.p. > 320 0  
The sample was not sufficiently soluble to obtain an n.m.r. 
spectrum. 
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Mass spectrum had a molecular icn at m/e = 345. 
Accurate mass measurement gave C20H11NO3S. 
Fraction 2 
0.7g eluted chlorobenzene; purple solid, 6-chloro-7-
hydroxy-14H--naphtho[2, 3-a]phenothiazine-8,  l3-dione. 
m.p. > 3200 . 
Mass spectrum had molecular ions at m/.e = 379, 381. 
Accurate mass measurement gave C20H10C1NO3S. 
Microanalysis: Found C 63.6 	H 2.0 	N 3.1 
C20H10C1NO3S requires C 63.24 H 2.64 N 3.69 
c) 4-Amino-2, 2, 3-trichloro-l-keto-1, 2-dehydroanthraquinone 
(0.59), 2-aminoethanethiol hydrochloride (l.Og) and 
N,N-dimethylaniline (SOmls) were heated at reflux over-
night. The solvent was removed by distillation in vacuo 
and the black' residue was chromatographed over sodium 
carbonate. 	A purple solid (0.2g) was eluted with 
chlorobenzene; 2, 3-dihydro-6-hydroxy-1H-anthra[2,1-b] 
[ 1 , 4]thiazine-7, 12-dione. m.p. 145-146
0  (chlorobenzene). 
Mass spectrum had a molecular ion at m/e = 297. 
Accurate mass measurement gave C16H11NO3S. 
Microanalysis: Found C 64.58 	H 4.04 	N 5.01 
" C16H11N033 requires' C 64.65 	H 3.70 	N 4.71. 
Reactions of 2, 3-dichloro-2' , 3 T_dimethylguini zarin* 
a) Ethylenediamine (Smls) was added to 2,3-dichloro-2 1 ,3'-
dimethylquinizarin (0.84g) in chlorobenzene (50mls) and 
* Sample supplied by ICI (Dyestuffs Division). 
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the solution was heated at reflux overnight. Addition 
of pet-ether to the cooled solution precipitated a red 
solid (0.6g) which was isolated by filtration.. 	M.P. 
253.50 [lit. M.P. 2530 1 180 
A comparison of the n.m.r. and mass spectra with those 
of an authentic sample of 2,3-dimethylquinizarin showed 
that the product was 2,3-dimethylquinizarin. 
b) o-Aminobenzenethiol (lml) was added to 2,3-dichloro -2 1 ,3 1- 
dimethylquinizarin (0.84g) in chlorobenzene (SOmls) and 
the solution was heated at reflux overnight. Addition 
of pet-ether to the cooled solution precipitated a red 
solid (0.55g) which was isolated by filtration. 
The product was shown to be 2,3-dimethyiquinizarin by 
a comparison of the n.m.r. and mass spectra of the 
product and an authentic sample of 2,3-dimethylquini-
zarin. 
Benz[f]indazole-4 , 9-diane 
An ethereal solution of diazomethane (2.8g) prepared from 
p-toluene sulphonylmethylnitrosamide, 177 was added to an 
ice-cold solution of 1,4-naphthoquinone (9.0g) in ether 
(500mls). 	The immediate formation of yellow crystals 
was observed. These became bronze-yellow and after one 
hour the product was isolated by filtration. Re-
crystallisation from acetic acid yielded a white solid 
(7.1g). M.P. 3500 [lit. M.P. 349 0 1, 157  
100 MHz. n.m.r. spectrum (DMSO) had two pairs of 
multiplets at 1.68T and 2.04'r, a singlet at 1.38T and a 
broad peak at 6.1T. 
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Mass spectrum had a molecular ion at m/e = 198. 
Accurate mass measurement gave C 11H6N202 . 
Alkylation of benz[fiindazole -4,9-dione 
Benz[f]indazole-4,9-dione (2.0g) was dissolved to N. sodium 
hydroxide (20mls) and dimethyl sulphate (3mls) was added. 
The solution was left at room temperature overnight and 
the product was isolated by filtration, 1.8g. Analysis 
of the product ratios is given in Table 7.3. 	Chromato- 
graphy over alumina yielded two fractions. 
Fraction 1 
0.9g. eluted benzene, 2-methylbenz[f]indazole -4 ,9-dione, 
white solid. m.p. 181-2 0 (benzene) [lit. m.p. 181-20 ]. 
100 MHz. n.m.r. spectrum (CDC1 3 ) had multiplets centred 
• 	 at 1.807 and 2.357 with singlets at 1.967 and 5.65T. 
Mass spectrum had a molecular ion at m/e = 212. 
Accurate mass measurement gave C 12H8N202 . 
Fraction 2 
0.6g; white solid, 1-methylbenz[f]indazole -4 ,9-dione. 
m.p. 310° [lit. m.p. 3100 1. 
100 MHz. n.m.r. spectrum had multiplets at 1.787 and 2.247 
with singlets at 1.957 and 5.837. 
Mass spectrum had a molecular ion at m/e = 212. 
Accurate mass measurement gave C 12H8N202 . 
To a solution of benz[f]indazole-4,9-dione  (2.0g) in 
methanol (15mls) and 2N.sodium hydroxide (15mls) was 
added methyl iodide (lg). 	The solution was left for 
2 days in a fridge and the resulting yellow precipitate 
Om 
was isolated by filtration and washed with N sodium 
hydroxide solution. 
The analysis of the product ratios is given in Table 7.3. 
Chromatography over alumina eluting benzene yielded two 
fractions which were identified as l -methylbenz[f]indazole-. 
4,9-dione (0. 9g) and 2methylbenz[f]indazole_4,9_dione 
(0.8g). 
Nitration of benz[f]indazolë -4, 9-dione 
Concentrated sulphuric acid (4mls) was added to fuming 
nitric acid (3mls) at 0 0C and to this was added at 0 0C 
benz[f]indazole-4 ,9-dione (1.59)7 	The mixture was heated at 
50 on a steam bath for 45 nuns and poured onto cracked ice 
(bOg) to yield a yellow precipitate. 	The product was 
isolated by filtration and washed with water to yield a white 
solid (1.2g). 
T.L.C. 	showed a mixture of two components. 
The product was insufficiently soluble for chromatography. 
Fractional órystallisation from dimethyl formamide, dimethyl 
suiphoxide or pyridine failed to effect a separation of the 
two components. 
100 MHz. n.m.r. spectrum (DMSO) had a singlet at 1.32'r and 
multiplets at l.53'r and 1.84T. 
Mass spectrum gave a molecular ion at m/e = 24.3. 
Accurate mass measurement gave C 11H5N304 . 
Amino-benz[f]indazole -4 , 9-di ones 
The nitrobenz[f]indazole-4 ,9-diones (l.Og) were added to 
toluene (80mls) and ethanol (25m1s) and the mixture heated 
at reflux on a steam bath. Hydrazine hydrate (1mb) was 
I;. 
added and then excess of Raney Nickel. 179  This was heated 
at reflux for 40 mins after which some Raney Nickel was 
added to remove any remaining hydrazine. The solution was 
filtered hot and the solvents were removed in vacuo to yield 
a red solid (0.7g). 	T.L.C. showe4 a mixture of two 
components but these could not be separated by chromato-
graphy over alumina, silica or a dry-column alumina column. 
100 MHz. n.m.r. spectrum (DMSO-d6 ) had a pair of doublets at 
2.7'r (J = 6.5 c/s, J = 2.5 c/s) but the remainder of the 
spectrum, broad paks at 1.48T, 2.O'r and 6.54T and a multiplet 
at 2.5T, was not well resolved. 
Mass spectrum had a molecular ion at m/e = 213. 
Measured formula was C 11H7N302 . 
U.V. spectrum: Xmax277W max6' 400; Xmax47Om•L, emaxi, 600. 
Benz[ f]indazole -phenylhydrazones 
Benz[f]indazole-4 , 9-dione (1. Og), phenyihydrazine (lQmls) 
and pyridine (100mls) were heated at reflux overnight. The 
solvent was removed in vacuo and the product washed with 
benzene to remove any remaining phenylhydrazine. The 
product (1.4g) was heated with benzene and the benzene-in-
soluble fraction was isolated by filtration; red solid 
(0.7g), benz[f]indazole -9--one-4-phenylhydrazone, m.p. 271-
2720 . (ethanol). 
100 MHz. n.m.r. spectrum (IJMSO-d6 ) had singlets at OT and 
0.8T, doublets at 1.3r and 1.7'r (J = 8 c/s), a complex 
multiplet centred at 2.8T and a broad peak at 6.O'r. 
Mass spectrum had a molecular ion at m/e = 288. 
Measured formula was C17H12N40. 
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Microanalysis: Found C 70.63 	H 3.94 	N 19.78 
C17H12N40 requires 	C 70.83 	H 4.17 	N 19.44 
The benzene-soluble fraction crystallised to yield an orange-
yellow solid (0. 5g), benz[f]indazole_ 4-one-9-phenylhydrazofle. 
m.p. 212-213 (benzene). 
100 MHz. n.m.r. spectrum (DMSO) had a doublet at 1.76T (N-H, 
C-H) and multiplets at 1.48r, 2.56T and 3.0r. 
Mass spectrum had a molecular ion at m/e = 287. 
Measured formula was C 17H11N40. 
Microanalysis:. Found C 70.68 	H 3.99 	N 19.92 
C17H12N40 requires 	C 70.83 	H 4.17 	N 19.44 
2-Methylbenz[ f]indazole_9_one_L+-phenylhydrazone 
2-Methylbenz[f]indazole-4, 9-dione (1. Og), phenylhydrazine 
(lOmis) and pyridine (lOOmis) were heated at refiux over-
night. The solvent was removed in vacua, benzene added to 
the red oil to precipitate a product and the red solid (0.4g), 
2-methylbenz[ f]indazoie-9-one-4-phenylhydrazone, was isolated 
by filtration. No other product was isolated. 
m.p. 232-2330 (ethanol). 
100 MHz. n.m.r. spectrum (DMSO-d 6 ) had a singlet at 1.19T, 
doublets at 1.41T and 1.8T (J = 8 c/s), a multiplet centred 
at 2.51' and an N-methyl singlet at 5.65T. 
Mass spectrum had a molecular ion at m/e = 302. 
Measured formula was C 18H14N40. 
i-Methyibenz[ findazoie-9-one-4-phenyihydrazone 
The above reaction was repeated with 1-methyibenz[f]in -




100 MHz. n.m.r. spectrum (IJMSO-d6 ) had singlets at 1.177 and 
5.837, doublets at 1.57 and 1.87 (J = 8 c/s) and a multiplet 
between 2T and 37. 
Mass spectrum had a molecular ion at m/e = 302. 
Measured formula was C 18H14N40. 
Oxidation of phenylhydrazones 
To benz[f]indazole-4-one-9-phenylhydrazone (0. 5g) dis-
solved in benzene (750mls) and under an atmosphere of 
nitrogen, was added lead tetraacetate (l.Og). Nitrogen 
was passed through the stirred, purple solution and after 
2 hrs., T.L.C. (silica; benzene:ether, 1:1) showed one 
purple spot. The solution was filtered and the solvent 
removed in vacuo to yield a highly insoluble purple solid 
(0.25g). m.p. > 350. 
Mass spectrum had a molecular ion at m/e = 376 and a major 
ion at mass 271. 
Measured formulae were C 23H16N6 and C17H11N4 . 
U.V. spectrum: XmaxSSlm1, emax9' 100; Xmax322 max,5' 400. 
The above reaction was repeated with benz[f]indazole -9-
one-4-phenylhydrazone in methylene chloride to yield a 
dark solid (0.3g). 
Mass spectrum had major ions at m/e = 278, 223 and 221. 
Measured. formulae were C10H22N405 , C12H1504 and C12H17N202 . 
3) To benz[f]indazole-4-one-9-phenylhydrazone (0.5g) dissolved 
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in benzene (75m1s) and under an atmosphere of nitrogen, 
was added 'activated' manganese dioxide (0.5g). Nitrogen 
was passed through the solution and after 2 hrs., T.L.C. 
showed one purple spot. The solution was filtered and 
the benzene removed in vacuo to yield a purple solid 
(0.3g). m.p. > 350 0 . 
Mass spectrum had a molecular ion at m/e = 376 and a major 
ion at mass 271. 
Measured formulae were C 23H16N6 and C17H11N4 . 
The above experiment was repeated with benz[f]indazole-9-
one-4-phenylhydrazone (0..5g) and 0.4g of the reactant was 
recovered. 
The above experiment was repeated with l-methylbenz[f] 
indazole-9-one-4-phenylhydrazone (0..5g) and 0.4g of the 
reactant was recovered. 
The above experiment was repeated with 2-methylbenz[f] 
indazole-9-one-4-phenylhydrazone (0.59) and 0.459 of the 
reactant was recovered. 
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